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By CHARLES Brooks, J. S. Coo.ky, and D. F. Fisuer, Pathologists, Office of Fruit 
Disease Investigations, Bureau of Plant Industry, United States Department of 


A lt 
griculture. INTRODUCTION 


It has been pointed out in earlier publications? that apple scald could 
be partly or entirely controlled by the application of various oils, fats, and 
waxes, either to the apple wrappers or to the apples themselves. The 
present paper reports the results of more complete and detailed studies 
on the relation of oils and waxes to the behavior of apples in storage. 


STORAGE EXPERIMENTS WITH WRAPPERS 


The results of five years’ experiments with various kinds of wrappers 
are reported in Table I. It will be noted that the tests were made in 
various sections of the country and on varieties that are particularly sus- 
ceptible to scald. The northwestern apples were mostly from the fancy 
grade and the eastern ones from the early pickings and greener lots. 
The eastern apples were packed in barrels and the northwestern ones in 
boxes and all were held in the local commercial storage plants, usually at a 
temperature of 32°. Unless otherwise stated they were wrapped on the 
date of picking and placed immediately in cold storage. 

The scald values given show the general severity of the disease, allow- 
ance being made for the surface area scalded and the intensity of the scald, 
as well as the number of apples affected. Scald was not usually evident 
when the apples were removed from storage, but developed rapidly as 
the fruit became warm. The percentages of scald reported for eastern 
apples are based upon the condition of the fruit after being held for 3 days 
at 70° F., and those for northwestern apples on the condition of the fruit 
after 7 to 10 days at 55° to 60° F. In most cases the apples were held 
for later notes, the contrast between the fruit in the oiled wrappers and 
that in untreated wrappers becoming greater with the extension of the 
after storage period. 


TABLE I.—The effect of oil, paraffin, and other wrappers upon the development of scald 





Percentage of scald on dates chown by sumbere! in parentheses 
V miaty, locality of inion date of . — a 
picking, and kind of wrapper. Decem- | Febru- 
“cag ary | March. April. | May. | June. 


EASTERN APPLES. 
Grimes Golden, Vienna, Va., Sept. 18, 


Unoiled wrapper veel 
Parattin wrapper No. t............ Seedebedbue | 
Paraffin wrapper NO. 2..........ccjeccccccess 
Paraffin wrapper No. 3..........ccjecceccoees 
Mineral oil wrapper No. 1a | 
1 Accepted for publication Oct. 22, 1923. 
2 Brooks, Charles, Cooiey, J. S., and Fisher, D. F. appre scatp. Jn Jour. Agr. Research, v. 16, p- 
195-217, It fig. 1919. 
. NATURE AND CONTROL OF APPLE SCALD. /m Jour. Agr. Research, v. 18, p. 211-240, 
2 fig. 1919. Literature cited, p. 240. 
Journal of Agricultural ‘Research, Vol. XXVI, No. rr 
Washington, D. C, Dec. t5, 1923 
aie Key No. G-344 
71688—24——1 (513) 
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TABLE I.—The effect of oil, paraffin, and other wrappers upon the development of 


scald—Continued 





Variety, locality of 


picking, and kind of wrapper. 


EASTERN APPLES—continued 
Grimes Golden, Rockville, ua.. -. | 


iy Meo ns dees 004 
Unwrapped..... 
Unoiled wrapper 
Glassine wrapper 
Paraffin wrapper 
Paraffin wrapper 


Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No, 
Mineral oil wrapper No. 
Grimes Golden, Arlington, 


Unwrapped..... 


Mineral oil wrapper No. 
Mineral oil wrapper No. 3a......... 
Grimes Golden, Rockville, Mad. Sept. | 


Mineral oil wrapper No. 3.. 
Mineral oil wrapper No. 4 


Grimes Golden, Char 
Sept. 6, 1921....... 
Unwrapped eee 


Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Grimes Golden, Rockville, Ma. Sept. 


Gy SOBs i sinc todd o-wii 
Unwrapped..... 
Unoiled wrapper 


Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
York Imperial, Rockville, Ma, .» Sept., 


PS 
Unwrapped sit aa 


Glassine wrapper aS 
Mineral oi] wrapper No. 1.......... see 
Mineral oil wrapper No. 1b........ 
Mineral oil wrapper No. 2.......... 
Mineral oil wrapper No. 3 


Wrappers with 60 


40 per cent paraffin mixture..... 
= er Leesburg, Va., Nov. 1, 


pg A eh ae 
Unoiled wrapper 


Mineral oil wrapper No. 1..........)......0008] 
As above but 60 per cent oil and 40 
per cent " SEE. kook chens cus spss 


Mineral oil wrapper No. 4 
York Imperial, Arlington, Va., Sept. 


Unoiled wrapper 


Unoiled medicated wrapper....... 
Mineral oil wrapper No. 3..... 
Mineral oil wrapper No. 3a........ ties 
Mineral of] wrapper NO. 4.....000cc)ssccesteccisccccsccces 


Percentage of scald on dates shown by numbers in parentheses. 





orchard, date of 


| | 
Decem- January. | 


May. 
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scald—Continued 
5. \Percentage of scald on dates shown by numbers in parentheses. 
8 Variety, ncaliay of en date of |(—— _ j 
picking, and kind of wrapper. ee a } 
B. oem | January, = March. April. May. | June 
EASTERN APPLES—Coltinued. 
York Imperial, Charlestown, W. Va. 

EC ak wich e itasinbste hamhveseevevedtaeee st GUO ‘Tioves vedikonccedtiimeinesxaaaecce 
cn on onc cececnitcececuttelausuds Ee RRP Fire PR ope fs oS a 
as oh vaca ccdsusngisoncdsaateleccessstes CERO T ET eh ke 
Mineral oil wrapper No, 3..... Ok" bot caskabkarubeaslaalaed - 
Mineral oil wrapper No. 32.... ae EB Pre pe Pe Bde 8 
Mineral oil wrapper No. 4..........)....... ‘ Ww Vaxcadensinetabacsiis ahnaetde teéve 
Mineral oil wrapper No. 4a.........)......... : ‘| CM Re oper ts i RA 
Mineral oil wrapper No. 4b........)........ cael Ge” leeurececitesaaze tees Casenaees 
Mineral oil wrapper No. 4c..... ‘ ‘  “ledsccccatlaccten den seaenn «. 
Mineral oil wrapper No. 5..........|... eh @  livcccacdeeitacsee eee eeeeces 
Mineral oil wrapper No. 6.......... Rae aids eke S. ‘Bdsctcecathknaaneesnee 
Mineral oil wrapper No. 7..........)0...000.00 00. a 9 ct Oe ea 

York Imperial, Arlington, Va., Sess. 

PRR GU RA deb Gocdewss cecetckeeccclnces (29) | BREE CET CT rE Ree tt Pela: epee aire 
cick enksess-00s Gnulewecacsds GE Bicccduscncledunnlacitmanes cteaseeneees 
Mineral oil wrapper No. 3a........!.......... ee rt er Perr fat Pterde rs SH rerio A 

York Imperial, Rockville, Ma., Oct. | | 

Wi cs vapekhat testaccopesedstcdvinsss A ls ceases alate SPacoueel er léccsece 23) 

Ce , , OeRT tnp| ERE ES, 8 Bde ndaene ae ES 2 tl pete ap a maeay li 
Unoiled wrapper.......... acnraesdiannt : 31 a” Bie cecaaeien aaa 
Mineral oil wrapper No. 3a........]........0e{eces | O livccexcer?, I~ lees aeeee 
Mineral oil wrapper No. ro.. w leaccides A RSE A pele 
PRMNOUNE Oe WUMIIET TR. BB. 6.50. cc clevccccccvcloccscccces } © ls. cis ale ME Beate 5 
Mineral oil wrapper No. - a ee ae 2 Wes lateddahatnaeses ce 
Mineral oil wrapper No. 1 A ee! . ° Mo Wea toeacds 
York Imperial, Woodside, Da. ‘Sept. , 

Coecccesercascccersfeoeces ° (26) ee Soclounececelssececcalewesce 
Is 658. se-cceue 4.9 ws ows cae me iM hess dodvacant asics vomddinenesees 
Unoiled wrapper............... = TRE ‘lvena dase taendcalatetiendianess< 
Mineral oil wrapper No. ; _ Fe iced naian een tin Ga eee 
Mineral oil wrapper No. om | ed tert Seta ye! ee: ee 
Mineral oil wrapper No. SER.) Sie eren Ae ‘ A ed Bis | Foensonelemaenbn tise 
Mineral oil wrapper No. 11b.......|.......0..{ccceeeece eal Oi hidennd cle eee 
Mineral oil wrapper No. r1c mei. Heke ae _ | fe SERA To bt 
Mineral oil wrapper No. 11d.......}..... cletaccgccssaPeh” (Nis kapst ue aukaes paeeeiet ees aeiet cs 
Mineral oil wrapper No. rre........}.... — OT To dversmaded oan nas 
Mineral oil wrapper No. rf...... | cat thd Mey fe RAE, BE Me, BS os 
Mineral oil wrapper No. 13.........| , see - 6 
Mineral oil wrapper No. 13a. sivaatewes : > FOR) Uo csacnaletesd kacladenoenee. 

York Imperial, Cornelia, Ga., Sept. 8, | | 

Bebb redinectnth eeockrads bene a A ae LO wa Rartieht Babiys.< oi ek Chet Eo 
sks nna cade din cos i MAREE 7D | SA | Pe Beh S 
Mineral oil wrapper No. 32.........}.......... Ee ae | Yee eters Tee sy Bo teh 2 ee 

Stayman Winesap, Winchester, Va., | | 

MG a nks cae neena de Poh ive ere | (6) (x) ie AES 6 tg oa tS 
WII 6.2. cs pabicekiv dies ec: acctseues 2 | 18 * GN Aegis pt A 
Unoiled wrapper.................. es [-sssdeveseleseccessfesseces ar Swaicatieds 
Unoiled medicated wrapper.......}..........)... ERIE SP ERR Fae i heb Ae, 
Mineral oil wrapper No. 3. ‘ n ° ° ° ae At 
Mineral oil wrapper No. 3a. eedeeas wi acadaes | o | ° ° ° 
Mineral oil wrapper No. 4 AEP =e| SA) Fes | ° | ° ee ee ° 

Stayman Winesap, Rockville, Md., | | 

, | il AE SARE oe cag. Re EP eh ale | ey 
Es ioe cu nnch tts opi +95 aly oases ee nth OE Nsteencgaitteocan Teheamndtvass ais: 
Mineral oil wrapper No. 3..........|........0- CAPA P Mee SRR EPREN £2 ett Fe 

3 Mineral oil wrapper No, 3a.........|.........: | Osh cee diznalndueesss 
pedy Stayman Winesap, Chadebun, W. | | 
eps: ns els iar aie cduscachevecdccekalemen se ; (13) Pee Bree a eh ot ee 
ie Unwrapped.................. Pe SBR TAT CP TER, FEY Pl RS 2 persis uhadeniienenions 
Mineral oil wrapper No. 3a. Rotate davabeeeneaes A Vn cxtolginac cactildestantchaaaane 
es Mineral oil wrapper No. 4..........)........+- ERE die Peecrrrad  e “4 oe Be ori Bl 
% Mineral oil wrapper No. 4a.. i ti 4 AE Re BO # ” locus s cibeenckeanki enna 
a Mineral oil wrapper No. 4b........!..........[eceeeeres ed Ce er jocecces 
ay Mineral oil wrapper No. 4c.........).......... Bahead OR” Lixtcdkcaus caekaee EES ae 
‘ Stayman Winesap, Woodside, “Dei., } 
antehe I ree ncctusiaaens dees aateed csaa0,0) be aad XO) GOOD Lo rays node cave taclasegennelntes® 
sf Unwrapped “Rae 0! LE ee) ee Pre ee i 1 RA. 
m Unoiled wrapper he an [PRE * Lidieg Cocke enaae cain Geen tapi eus 
pre Ue ES conde cavshicssaiso ps pee nares aa’ “ger Weccchovduacseeee Ds coaoee reer: 
oe Mineral GM Wirepper No. 38.........'...0sssceefecereess oie Te ee ee | ReneS 
si ie Mineral oil wrapper No. 11......... PRE UA eS en. Pe ee eth lc 
coe Mineral oil wrapper No, 11a........ ..... duscacdrecestee. bak Jacar UD. faesdesilacevinacs 
Mineral oil wrapper No. 13.... : .. IncsscxnclencndnectnQedts tile deRiie« 
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TABLE I.—The effect of oil, paraffin, and other wrappers upon the development of 
oe d 


Variety, locality of orchard, date of 
picking, and kind of wrapper. 


EASTERN APPLES—continued. 


Arkansas (Mammoth Black Twig), 
Winchester, Va., Oct. 7, 1919........ 
DI idik o xcos hin vena os ees cone 
Unoiled wrapper.................. 
Mineral oil wrapper No. 1a......... 
Mineral oil wrapper No. 1.......... 
As above but 60 per cent oil and 40 
per cent paraffin mixture........ 
Arkansas (Mammoth Black Twig), 
Rockville, Md., Oct. 14, 1920......... 
REN 6.50, de sedvenssccsene 
Oe EO eee errr 
Mineral oil wrapper No. 3.......... 
Mineral oil wrapper No. i 
Mineral oil wrapper No. : 
Arkansas (Mammoth Black’ “Twiz), 
Middletown, Va., Oct. 20, 1920....... 
rare 
Mineral oil wrapper No. 3.......... 
Mineral oil wrapper No. 3a. 
Arkansas (Mammoth Black Tw ig), 
Winchester, Va., Oct. 18, 1920. 
I ass vitian Wins ions tenses 
Mineral oil wrapper No. 4.......... 
Arkansas (Mammoth Black Twig), 
Rockville, Md., Oct. 5, 1922.......... 
I Sea ae 
Mineral oil wrapper No. 3a......... 
Mineral oil wrapper No. r1a........ 
Mineral oil wrapper No. GR 
Mineral oil wrapper No. 11¢........ 
Mineral oil wrapper No. 11d....... 
Mineral oil wrapper No. 11e........ 
Mineral oil wrapper No. 11f........ 
Mineral oil wrapper No. 12......... 
Mineral oil wrapper No. 13......... 
Arkansas (Mammoth Black Twig), 
Martinsburg, W. Va., Oct. 26, 1922... 
ER aera 
Mineral cil wrapper No. 3a 
Mineral oil wrapper No. 11 
Mineral oii wrapper No, 11a........ 
Mineral oil wrapper No. r1b....... 
Mineral oil wrapper No. 11¢........ 
Mineral oil wrapper No. 12......... 
Mineral oil wrapper No. 13......... 
Mineral oil wrapper No. 138........ 
Yellow Newtown, Winchester, Va., 
I MR Es ciskccsss 60need cans 
Vo, eer ee 
Mineral oil wrapper No. 1........ 
Mineral oil wrapper No. 1b 





Mineral oil wrapper No. 2..........|..... 
Mineral oil wrapper No. 3..........)..... 


Rhode Island, Greening, Penn Yan, 


Mineral oil wrapper No. 3 
Mineral oil wrapper No. 3a 


Mineral oil wrapper No. 4.......... 


Rhode Island, Greening, Pough- 
keepsie, N. Y¥., Oct. 4, 1921.......... 


EE Seen . 


Mineral oil wrapper No. 3a...... 
Mineral oil wrapper No. 3b..... 
Mineral oil wrapper No. 4......... 


Mineral oil wrapper No. 4b........)......00.- 
Mineral oil wrapper No. 4c.........|..0..0005+ 


Mineral oil wrapper No. 6.. 
Mineral oil wrapper No. 9 


NORTHWESTERN APPLES. 
Grimes Golden, Wenatchee, Wash., 


A OE vac ciew Succuecscebetendee 


Unoiled wrapper....... 


Mineral oil wrapper No. 1 


Vol. XXVI, No, 1: 
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TaBLE I.—The effect of oil, paraffin, and other wrappers upon the development of 
scald—Continued 





Percentage of scald on dates shown by numbers in parentheses. 


Variety, locality of orchard, date of 
picking, and kind of wrapper. 


NORTHWESTERN APPLES—continued 


Grimes Golden, Wenatchee, Wash || 
Sept. 20, 1920: 
Delayed in closed room till Oct. 14 , 
WU as hah on S'e00s ba de56 066 
*Dnoiled ee 
Mineral oil wrapper No. 1 


Mineral oil wrapper No. 4......).......ccclececcccuces 


Immediate storage— 
Unwrapped... 


TRIE WIEIID, 6 occoy.0ss.|.-:icorcclescadsces, 


Unoiled medicated wrapper.. 
Mineral oil wrapper No. ee ee 
Mineral oil wrapper No. 3a. 
Mineral oil wrapper No. 4. 
Grimes Golden, nserneren Wash. 
Sept. 19, 1921. ‘ 
Cellar storage— 





Unoiled wrapper.............. Re seqeseugs RR ; 


Mineral oil wrapper No. 4......).......... 
Mineral oil wrapper No. 4b 
Mineral oil wrapper No. 8..... | 
Cold storage— | 
SE IN 55.0.5. 66 baie ccdvlecsdcensce 
Unoiled medicated wrapper. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 7 
Grimes Golden, Wenatchee, Wash., 
UE MIE eine cohVebhassececésddlesscecescc 
Cellar storage— 
Unoiled wrapper............... 
Unoiled medicated wrapper....|.......... 
Mineral oil wrapper No. 4......).......... 
Mineral oil wrapper No. 7...... SE 
Mineral oil wrapper No. 12.....|.. 
Mineral oil wrapper No. 13a 
Cold storage— 
Unoiled wrapper.............. | 
Unoiled medicated wrapper.... 


Mineral oil wrapper No. 4 
Mineral oil wrapper No. 6 
Mineral oil wrapper No. 7 





Mineral oil wrapper No. 11¢ 


Mineral oil wrapper No. 11f....|.......... a 


Mineral oil wrapper No. 12.....|.......... 
Mineral oil wrapper No. 13.....).......... 

York Imperial, Wenatchee, Wash., | 
MEME con skGSWa on Shear ctecde eel 


Unoiled wrapper ee eee Ractewvece eR aad Serie Ay 


Unoiled medicated wrapper.......|.......... 
Mineral oil wrapper No. Min pe eckevotasceee 
Mineral oil wrapper No. 4.........).......0.. 
Mineral oil wrapper No. 4a........).......... 
Mineral oil wrapper No. 4b........'.......... 
Mineral oil wrapper No. 4c........ | 
Mineral oil wrapper No. 


5 
Mineral oi] wrapper No. 6.........).......... 
Mineral oil wrapper No. 7.........).........- 


Mineral oil wrapper No. 9.........'.......... 
York Imperial, Wenatchee, “Wash. 
Picked Oct. 19, 1922, stored Oct. 23, 
ee eer eee oy ee MOET ee eee 
Unoiled wrapper 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper Na. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Mineral oil wrapper No. 1: 





Febru- 
ary. 





| | 


March.| April. | May. | June. 


| 
| 
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TABLE I.—The effect of oil, paraffin, and other wrappers upon the development o 
scald—Continued 





Percentage of scald on dates shown by numbers in parentheses, 


Variety, locality of orchard, date of 
picking, and kind of wrapper. 


| 
| 
Decegar | January. 


Febru- 
ber. ary. 





| } 
March.} April. | May. | June. 
| 


NORTHWESTERN APPLES—continued. 


24, 1919. Stored Oct 31........6+6 —_ 
Unoiled wrapper..............000: | 
Mineral oil wrapper No. 1......... RE PS 

Rome Beauty, Wenatchee, Wash., Oct. | 
er rr. rrerTitt el Oe 
RIO WHORE 5 ise ivivevecccocfesvcsces 
Unoiled medicated wrapper 
Mineral oil wrapper No. 1. 
Mineral oil wrapper No. 3a. 
Mineral oil wrapper No. 4 Rees 
Rome Beauty, Wenatchee, Wash., ; Oct. | 

ORB sioi ee eed sGHSe pete vevcccccischoccsecenes } | 

Cellar storage— | | | 
BN I. oa nics cccccedeccccveses 
ee _g LS? Ss Seen) Roce rene Ceerer rire ee Ce Leeds e's ‘ 
ED AR. |. 1 cn decccestocsccosasvebwes cpieescetesvnecsd Wee ts ae 

Cold storage— | | 
Unoiled wrapper | 
Mineral oil wrapper No. 4a..... bv arnterabcwedectbesp eccce@ees Rr ay | a, Are to ee 
Mineral oil wrapper No. 4b....|.......... | | 
Mineral oil wrapper No. 7......).......... 

Rome Beauty, Wenatchee, Wash., Oct. 
6, 1922. Stored Oct, 10 
Cellar storage— 
en Aer 
Mineral oil wrapper No. 4.... 
Mineral oil wrapper No. 7......).......... 
Mineral oil wrapper No. 11.....\.........- 
Mineral oil wrapper No, 11a 
Mineral oil wrapper No. 12 
Mineral oil wrapper No. 13 
Cold storage— 
Unoiled wrapper...... Fini RR kee 6: 403%5 eke 
Mineral oil wrapper No. 4 
Mineral oil wrapper No. 7 
Mineral oil wrapper No. 10 
Mineral oil wrapper No. 11 
Mineral oil wrapper No. 11a 
Mineral oil wrapper No. 12 
Mineral oil wrapper No. 13.....|.......... 
Rome Beauty, Wenatchee, Wash., Oct. | 

RY RE nee ae Re ree 
eee een eee 
Mineral oil wrapper No. 4.........|......00:: 
Mineral oil wrapper No. 12 
Mineral oil wrapper No. 13................+0+: 

Stayman Winesap, Wenatchee, Wash., 
spe cia cca pichestessabeewod 

ER, Sia 5 sop pihink aid bieisin s,s b> 

Unoiled wrapper. 

Glassine w; rapper... hoe rags cats 

Paraffin wrapper No. 2 

Paraffin wrapper No. 3. vibe ek 

Mineral oil wrapper No. 1a. Miu ieas enki 

Stayman Winesap, Wenatchee, W. ash., 

CE i PE Ree 
I aie oe. ce asncdcs|eectsocesé 
Mineral oil wrapper No, 1..........)....0-0+05 
Mineral oil wrapper No, 3a 
Mineral oil wrapper No. 4..........|....00000% 

Staymen Winesap, Wenatchee, Wash., 
esc ch ovek dak eusesylssceincie 
Cellar storage— 
EOE TE, EEE 
Mineral oil wrapper No. 4a... .| 

Cold storage, Nov. 3, 1921— | 
Unoiled wrapper..............].. 
Unoiled medicated wrapper .. .'. 
Mineral oil wrapper No. 4a... .| 
Mineral oil wrapper No. 4b 
PE MINOR, oo oc hlcicccccssclecccsnccccclescescvese 
Mineral oil wrapper No. 7.... 


| 
| | 
Rome Beauty Wenatchee, Wash., Oct. | | | | 
| | 
| 
| 
| 
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TaBLE 1.—The effect of oil, paraffin, and other wrappers upon the development of 
scald—Continued 


a - —__——______ ————$——— 











Variety, locality of orchard, date of 


| Percentage of scald on dates shown by numbers in parentheses. 
| 
|— ; 

picking, and kind of wrapper. | 


anuary. ary. ~ |March.| April | May. 


m7 
| aris | : 
Decem J Febru June. 
| 


NORTHWESTERN APPLES—continued 


| 
| | 
Stayman Winesap, Wenatchee, Wash., 


Cellar storage— | } 
Unoiled wrapper.............- PE EDs dh neiaidcdwwetwia 9 


Mineral oil wrapper No. 7 
Mineral oil wrapper No. 
Mineral oil wrapper No. 
Cold storage— 

Unoiled wrapper..............).... cueetccccducancinaaneatane 14 
Mineral oil wrapper No. 4.....)... etan ora Pankraa ea eneeinnes a6 baa ° 
Mineral oil wrapper No. 7..... Fi Vedecnasietcdedekcereeneetees ° 

0°. 

° 

° 





PE I I, Beak ilccic'c' cic ve ndls oe ca dovevelecgeaceas 
Mineral oil wrapper No. 12... | 
I Oe PO TG Fo 8h a. n cocnnaleiceces cantlesesesass perme . 
Stayman Winesap, Wenatchee, Wash..| 
CM MN, Fb a lie cgunddadas puede tassie | (4) 
Unoiled wrapper...............0- I ops: OA. Lewes 
Mineral oil wrapper No. 4 
Mineral oil wrapper No. 11........ SEE SERS SEAT SR ey ih eee eieenenias ° 
Mineral oil wrapper No. 12........ gee coset at ditelaw vat tans M's wginbakawne 68 » ° 
Mineral oil wrapper No. 13.... . ° 
Delicious, Wenatchee, Wash., 

Ss MEANS, Vi. Ghana 06-508 do ab eots ck Gdedda Alea devbeceieies dbase ceal CORP (heat, Bice 
Cellar storage— | | 
po RA es Gene ee Be isiecevkehacebacts 3 
Mineral oil wrapper No. 4......).........5 Fis db de beetle eee ceene ° 
Mineral oil wrapper No. 4b.....|........ccleccccccccccleceseccecs phe oe oe ryaetie + 

Cold storage— | 
I iain os coe dslacde ohvassclasnccdvineslnedacsenas 6 
EE TIPE, SUOE Bho Boa leis coos ochoecdodccutdeldccedededt ° 
ee WI PO Ac os itu a's schvae ics ccceaeeocldcedecnees I 
° 
° 





Mineral oil wrapper No. 4b 
Mineral oil wrapper No. 7..... 
Arkansas (Mammoth Black Twig), 
Wenatchee, Wash., Nov. 1, 1920. 
RE MENS coir cah veadiscatesccdat ees DS ilcaleteacticdskeanoumens alli tiene din | 2 
er WU DD Bhs ca e508 5 hw bhaas hla < dda eT atieak coupe cReneah Cemheummeeed ° 
TE io <7 slik ida e¥b abeaec econ eects vs Cis erachernartabieamaned ° 
a A ee See Ae eee ee | ° 
Arkansas (Mammoth Black Twig), | 
Wenatchee, Wash., Oct. 25, r927..... eacdeecebinpstacencbsbecet ees ateleee eres ust ene ucetas ten ; (7) 
NL Aas vaniidbe 0 < 24 bes oS b0R54EMSs E46 0 kb benabate ieee oes tkadoenan 18 
Mineral oil wrapper No. 4..........!.. | A 6 
Mineral oil wrapper No. 4b... | | 
Mineral oil wrapper No. 4c 
Mineral oil wrapper No. 5........ : 4 
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TaBLE I.—The effect of oil, paraffin, and other wrappers upon the development of 
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NORTHWESTERN APPLES—continued. 
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UNOILED WRAPPERS 


The tests with apples in the usual commercial wrappers as compared 
with unwrapped apples show that these unoiled wrappers have practically 
no effect upon scald control. In the tests of Table I where the two condi- 
tions were compared the average degree of scald on the wrapped apples 
was 41 per cent and that on the unwrapped ones 42 per cent. 


UNOILED MEDICATED WRAPPERS 


The unoiled medicated wrappers were purchased in the northwestern 
market where they have been extensively sold on the ground that they 
have great preservative qualities. The average results of the comparable 
tests in the preceding table show 33 per cent of scald on the apples in 
unoiled wrappers and 23 per cent on the apples in unoiled medicated 
wrappers. 

PARAFFIN WRAPPERS 

Paraffin wrapper No. 1 was made by soaking the usual commercial 
apple wrapper in hot paraffin; paraffin wrappers No. 2, 3, and 4 were 
supplied by paper companies; No. 2 was a heavy grade of paper and No. 
3 and 4 tissue grades similar to the paper used for wrapping lunches and 
apparently infiltrated with a low melting point paraffin or a mixture 
of paraffin and oil. 

The paraffin wrappers have reduced the percentage of scald in all cases, 
but have shown only about half the efficiency of the mineral oil wrappers. 
An average for the comparable tests shows 42 per cent of scald on the 
apples in unoiled commercial wrappers, 20 per cent on the apples in the 
paraffin wrappers and no scald for those in mineral oil wrappers. 


MINERAL OIL WRAPPERS 


EFFECT UPON SCALD 


The scald control secured with the mineral oil wrappers is shown in 
detail in Table I and the relative efficiency of the various wrappers is 
brought out more clearly in Table II. In most cases these wrappers 
either entirely prevented the disease or reduced it to such an extent 
that it was no longer of importance from the market standpoint. In the 
total of 67 experiments there were four instances that probably should 
be noted as exceptions to this rule; two with eastern grown Stayman 
Winesap and two with eastern grown Arkansas (Mammoth Black Twig). 
In the 1921 and 1922 experiments with Stayman Winesap scald was 
reduced from more than 50 per cent on the unwrapped fruit to 4 to 16 
per cent on the fruit in the better grade of oil wrappers. In the 1919 
experiment with Arkansas scald was held in complete control by the oiled 
wrappers until January 10, when the unwrapped fruit showed 55 per 
cent of the disease, but by February 2 the apples in oiled wrappers had 
developed 18 to 25 per cent of scald as compared with 64 per cent on 
the unwrapped apples. In the 1922 experiment on Arkansas from 
Rockville, Md., the apples in oiled wrappers had developed about 20 
per cent,of scald by February 17, while those that were unwrapped had 
75 per cent. ‘These results with Stayman Winesap and Arkansas would 
appear to be fairly satisfactory when compared with the average data 
from disease-control measures, but they fall considerably short of the 
control secured in other oiled wrapper experiments, and in the case of 
the Arkansas the disease was not held sufficiently in check to prevent 
the apples from being offered at a discount in price. 
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A study of the data from the experiments reported in Table I, in which 
fruit was withdrawn at different times in the storage season, shows that 
the oiled wrappers have delayed scald 4 to 12 weeks on Grimes, 8 to 
18 weeks on York Imperial, 10 or more weeks on Rome Beauty, 5 to 17 
weeks on Stayman Winesap, and 4 to 15 weeks on Arkansas (Mammoth 
Black Twig). The fruit that was unwrapped or in unoiled wrappers 
became more seriously scalded with the advance of the storage season, 
while that which was in oiled wrappers usually remained practically or 
entirely free from scald, the apples finally breaking down from old age 
or some other cause. The apples in oiled wrappers were usually firmer 
and crisper than those in unoiled wrappers. 


SOURCE AND PREPARATION OF OILED WRAPPERS 


Mineral oil wrappers Nos. 1, 1a, and 1b were treated with an oil hay- 
ing a yellow color and a slight odor of kerosene. The oil was of paraffin 
origin and was purchased from an eastern oil company having large 
holdings in the South Central States. Wrapper No. 1 was prepared by 
applying hot oil to the usual 14-pound commercial apple wrappers and 
removing the excess of oil by stacking the oiled wrappers between un- 
oiled ones. The final wrappers carried 17 to 25 per cent of their weight 
of oil. Wrappers No. 1a and rb were supplied by a paper company; 
No. 1a was a very heavy grade of oiled paper and No. 1b a similar paper 
of medium weight, yet far too heavy for commercial apple wrapping. 

Wrapper No. 2 was hand oiled, as described for No. 1 with a similar 
oil from the same source, but having a higher viscosity. 

Wrappers No. 3, 3a, and 3b were treated with an oil that was similar 
to those used on Nos. 1 and 2 and of the same origin, but it hada 
higher specific gravity and a deeper color. Wrapper No. 3 was hand 
oiled, as described for No. 1. Wrapper No. 3a was a specially pre- 
pared apple wrapper purchased from an eastern paper company. See 
description in Table III. 

Wrapper No. 3b was a specially prepared apple wrapper purchased 
from a western company. It was a 14-pound paper carrying 11 per 
cent of oil. 

Wrappers Nos. 4, 4a, 4b, and 4c were treated with an odorless, taste- 
less, colorless oil derived from a paraffin base and refined by an eastern 
oil company. Wrapper No. 4 was hand oiled, as described for No. 1. 
Wrapper No. 4a was a special apple wrapper prepared by the same com- 
pany that prepared No. 3b. It was a 14-pound paper carrying 12 
per cent of oil, or about 22 grams to 100 wrappers. Wrapper No. 4b 
was a special apple wrapper prepared by a middle west paper company. 
It was a 12-pound paper carrying 14 per cent of oil, or about 23 grams 
to each 100 wrappers. Wrapper No. 4c was from the same company 
as No. 4b, but it carried only 4 per cent of oil, or about 6 grams to each 
100 wrappers. 

Wrapper No. 5 was hand oiled, as described for wrapper No. 1, but 
with an odorless, tasteless, colorless oil a little heavier than that used 
on wrapper No. 4 and marketed by the same oil company. 

Wrapper No. 6 was hand oiled, as described for No. 1, but with an 
odorless, tasteless, colorless oil a little lighter than that used on wrapper 
No. 4, derived from a paraffin base and marketed by a middle west 
oil company. 
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Wrapper No. 7 was hand oiled, as described for No. 1, but with an 
odorless, tasteless, colorless oil derived from an asphalt base and mar- 
keted by a Pacific coast oil company. 

Wrapper No. 8 was an oiled, medicated wrapper marketed by the 
same company as the unoiled medicated wrapper already described. It 
had been treated with the same oil that was used on wrapper No. 7 
and carried 15 per cent of its weight of oil. 

Wrapper No. 9 was a specially prepared wrapper sold by the same 
company as 3a; it had been treated with an odorless, tasteless, colorless 
oil combined with a small amount of paraffin and carried about 18 per 
cent of the two combined. 

Wrapper No. 10 was apparently very similar to wrapper No. 9 but it 
was prepared by a middle west paper company. 

Wrappers No, 11, 11a, 11b, r1c, 11d, 11e, and rif were prepared by 
an eastern paper company and were treated with the same oil as wrapper 
No. 4. Wrapper No. 11 was from 14-pound paper, and No. 11a from 
12-pound paper, both guaranteed to contain as much as 22 per cent of 
oil. See Table III. Wrappers 11b, 11¢, 11d, tre, and 11f were guaran- 
teed to contain 30, 25, 20, 18, and 15 per cent of oil, respectively. 
They were prepared by the paper company for experimental use. 

Wrapper No. 12 was prepared by a New England paper company. 
It was a 14-pound paper and treated with the same oil as wrapper No. 
4. See Table III. 

Wrappers No. 13 and 13a were prepared by the same company as 
wrapper No. 4b and 4c. No. 13 was a 14-pound paper carrying 24 per 
cent of oil and No. 13a a 12-pound paper. See Table III for oil content. 


RELATIVE EFFICIENCY OF OILS 


All of the oils used have given good scald control. A comparison of 
the results with the hand-oiled wrappers Nos. 1, 2, 3, 4, 5, 6, and 7, as 
shown in Table II, might suggest some slight contrast in efficiency, but 
perhaps not enough to be of practical importance and beyond experi- 
mental error. 

DOSAGE OF OI, IN THE WRAPPER 


Experiments have shown that wrappers with free oil on their surface 
may sometimes cause slight injury to the skin of the apple, but fortu- 
nately such excessively oiled wrappers are impractical for general use on 
account of the wrappers sticking together. The hand-oiled wrappers used 
in the previously reported experiments had from 17 to 25 per cent of oil, 
or practically all the paper would carry. These wrappers gave good 
scald contro] and caused no injury, but the most completely saturated 
ones sometimes delayed the natural yellowing of the ground color of the 
apples, making them appear abnormally green at the time of removal 
from storage. The dosage of oil in the commercial or machine-made 
wrappers ranged from 4 to 30 per cent. The wrappers with 4 per cent 
of oil have sometimes given good scald control but under severe tests 
have been an almost complete failure. Wrappers carrying 11 and 12 
per cent of oil have given good results on western apples and fair on 
eastern, but where apples have been held rather late there have been 
indications that these wrappers had about reached their limit in scald 
control. Commercial wrappers carrying 15 per cent or more of oil 
(about 28 grams to each 100 wrappers) have given good scald control with 
no objectionable results. 
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RETENTION OF OIL, BY THE WRAPPERS 


A study was made of the extent to which the various oiled wrappers 
gave up their oil to the apples or to other objects with which they came 
in contact. Oil determinations were made on fresh unused wrappers, on 
similar wrappers after removal from apples at the end of the storage 
period, and on the box-liners from the same packages. Tests were also 
made on the freedom with which the various wrappers gave up their oil 
to sheets of blotting paper, the oil content of fresh wrappers being com- 
pared with that of similar wrappers that had been held between sheets of 
blotting paper under 10 pounds pressure for 48 hours. ‘The oil determina- 
tions were made by petroleum ether extraction with the Soxhlet appa- 
ratus. ‘The preliminary work was done by the writers and the results 
checked up and confirmed by determinations made by Dr. G. S. Jamieson 
and Mr. W. F. Baughman of the oil, fat, and wax laboratory, Bureau of 
Chemistry. All percentages are computed on the dry weight of the oiled 
paper. The results are reported in Table ITI. 


Tas Ee III.—Dosage of oil in the wrapper: retention of oil 
| | 











Dosage of oil Dosage of oil Desase of be 
Dosage of oil | after use on after 48 hours alter tees 
Wrappers. onfresh | the apples. between blot- | Sntact ith 
wrappers. | Gm. of oil per | ters. Gm. of oil | Giles wre 
| wrapper. per wrapper. | 
| | pers. 
' ohm Coe eames - 
| Gm, | Gm 
s | Weight of : Per per Retain- ..., |Retain- , | Per! ‘ 
Number. | paper. | Size. | cent. wrap-' |). ed. Lost. aa, Lost. | cent. per 
| per. OX. 
= _ | = S- 
PER ere talb........' 10X10 | 92.3 } ©. 4097 | 0.3436 0.0661 | 0.0620 | 0.3477 9.5, 4.0512 
BT Ash Seta carieas 14-lb........| 10x 10 | 24.4 | -4481 | .3875 .0606 | .0763 | .3718 | 13.6) 5. 2820 
a a a, ta-lb........! 10 x 10 | 26.3 - 4356 - 3638 .0718 . 0687 | . 3669 9.7 2. 7893 
ae Pe ay AL ee ty: | w-lb........| 19 X10) 14.2] .319r | .2640 .O5st | .0625 | .2566| 4.9); 2. 1016 
re Sy get | ra-tb........| rox 10 | 16.7 | .2528 | .2080 0448 | .0478 | .2050 | 10.13 !| 7.5750 
7 SE GR ee ee Le AT. +3731 -3134 ©. 0597 .0635 | .3096 |...... 4. 3598 














The data reported in Table III show some contrast in the freedom with 
which the different wrappers gave up their oil during storage and a still 
greater contrast in the freedom with which they released their oil to dry 
blotters. A comparison of these data with that reported in Table II, 
however, gives little evidence of correlation between the freedom with 
which the wrappers released their oil and their efficiency in scald control. 
The average loss of oil by the wrappers during storage was approximately 
0.0597 gm. per wrapper. The amount taken up by the liners varied 
widely but averaged 4.3598 gm. per box. With a box containing 113 
apples this would mean that the liner had taken an average of 0.0386 
gm. of oil from each wrapper, leaving 0.0211 gm. of the above loss to 
be accounted for by passage to the apples, to the box, and to other objects. 

In order to obtain further evidence in regard to the action of the oil, 
apples were wrapped in one or more unoiled wrappers and oiled wrappers 
applied outside of these. The fruit was thus largely protected from the 
oil, yet kept in close proximity to it. The resulting scald control is shown 
in Table IV. 

The average degree of scald reported in Table IV for the apples that 
were unwrapped or in unoiled wrappers is 39 per cent, and the average 
for the apples in oiled wrappers 2.7 per cent, while the average where 
one unoiled wrapper was used inside of an oiled one is 4.9 per cent, and 
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the average where two or three unoiled ones were used inside an oiled 
one is somewhat higher. The results indicate that the efficiency of the 
oiled wrappers in scald contro] was decreased by placing unoiled wrappers 
between them and the apples. This decrease, however, is extremely 
small when compared with the percentage of scald on the untreated fruit. 

Oil determinations were made on the wrappers that had been used in 
the above experiments, and the results are reported in Table V. All 
percentages are based on the dry weight of the oiled paper. 


TABLE IV.—Effect of unoiled wrappers inside of oiled ones 
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Sept. 12, 1922, to Jan. 29,1923.| No. 3ga.... 65; 5 | 8 18 RON cians 
York Imperial, Woodside, Del., | 
Sept. 21, 1922, to Feb. 26,1923.| No. 13...| 46) 6 | 7 ..ceecleeceeheeeeee 
York Imperial, Rockville, Md., | | 
Oct. 2, 1922, to Feb. 17, 1923...) Nowa...) 40; O | 2 jeeeeeclieeee taba. ac 
York Imperial, Wenatchee, | 
Wash., Oct. 23, 1922, to Apr. 
BOs TOPS occ vc ce ceo SMUANUS . Nong ssf oogr ho | PG AN Ls a viche vax 
Stayman Winesap, Woodside, $ 4 Pai 
Del., Sept. 28, 1922, to Feb. _ : ae $3; 2 | ; ESS RT Herere 
ck, Eee eee ect ta: ak ec eee tee a ae 
Stayman Winesap, Wenatchee, | 
Wash., Oct. 25, 1922, to Mar. 
Se Sees S| PR adie 5 A oO Se Coo Geet ° 
| | 


Rome Beauty, Wenatchee., 
Wash., Oct. 10, 1922, to May 
NGS a dA No. 13...) 10] 4 Rey tomer See 15 

White Pearmain, Wenatchee, 

Wash., Oct. 12, 1922, to Apr. 3, 
MONE ah Giske Gate Vids BUG tree a No. 13a. 12 SEE O aM OSSCTR ° 


PAWGTROD TORUIIR, one ois csol signees) 0% 39 | 2.7 | 4-9 





The fresh oiled wrappers averaged 0.3574 gm. of oil per wrapper 
and those that had been used outside of one unoiled wrapper averaged 
0.2539 gm. per wrapper, making an average loss during storage of 0.1035 
gm. per wrapper. Of this loss, 0.0678 gm. passed over to the unoiled 
wrappers, and if the movement to the liners was approximately as great 
as where single wrappers were used the remaining 0.0357 gm. is fully 
accounted for in loss to the liners. In the experiments where two 
unoiled wrappers were used inside the oiled one the fresh oiled 
wrappers had 0.4097 gm. of oil per wrapper, the used ones 0.3062 gm, 
and the unoiled ones after use a total of 0.0836 gm., leaving but 0.0199 
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gm. loss from each set of wrappers. ‘This loss can be fully accounted 
for, as explained above, in passage of oil to the liners. There was no 
indication of oil on the apples, and if any passed over to them in either 
set of experiments it must have been the merest trace. 


TABLE V.—Dosage of oil in the various wrappers before and after use in experiments 
reported in Tobie IV 





Two unoiled wrappers inside of an | oer an 
oiled wrapper. Gm. of oil per) Gin of oil pr — 

Gm. of oil —e per after use. 

Make of oiled wrapper. in fresh 

wrapper. 





| Unoiled | Unoiled | 

Oiled | wrapper | wrapper Oiled Unoiled 
wrapper. nextto | nextto wrapper. | wrapper. 
oiled one. apple. 











0.4097 | 0.3062 | 0.0608 | 0.0228 | 0.3181 | ©..0694 
| |, 2860 | - 1038 

2441 | +0355 

1673 | 0624 








Average results...) . | .2539 | 0678 


EFFECT OF OILED WRAPPERS ON UNWRAPPED FRUIT OF THE SAME PACKAGE 


In a number of experiments only a part of the apples of the package 
were in oiled wrappers, the others being held either unwrapped or in 
unoiled wrappers. Table VI shows the scald control secured under 
these conditions. The eastern apples were packed in barrels with part 
of the apples unwrapped and the northwestern ones in boxes with part 
of the apples in oiled wrappers and part in unoiled ones. 


TaBLE VI.—Partial control of scald on apples that were unwrapped or in unoiled wrappers 
but packed with apples that were in otled wrappers 


Percentage of scald. 


In packages with part of the 
apples in oiled wrappers. 
Variety, locality, and the date of taking notes. 





In package | 
with no | Apples two| pee 
il. or more pples : 
= layers dis- | adjacent Appice - 
tant from | tooiled | ,.0 
oiled wrappers. Bree 
| wrappers. | 





~~ i —— 
| 


EASTERN APPLES. 


Grimes Golden: 

Jan. 20, 1919 

Jan 13, 1920 
Arkansas, Jan. 10, 1920 
York Imperial, Jan. 15, 1920 





NORTHWESTERN APPLES. 


Grimes Golden, Jan. 17, 1923.... EF anes 
Stayman Winesap, Mar. 19, 1923 





Awemage BS GE Oi eS MGA ak 
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The data stance’ in Table VI indicate that when part of the apples 
of a package are in oiled wrappers and part unwrapped or in unoiled 
wrappers, the oiled wrappers cause a very definite decrease in scald on 
the adjacent apples and have a favorable effect on the ones that are 
several layers away. 


OIL WITHOUT THE WRAPPER 


Experiments were made in which oiled blotter material was cut into 
narrow strips and scattered through the barrel of apples. Seven large 
blotter sheets carrying approximately 700 gm. of oil were used in each 
barrel. A description of the different oils has already been given in 
connection with the wrappers having the corresponding numbers. The 
results of the experiments are reported in Table VII. 


TaBLE VII.—Effect of oiled blotter strips on apple scald 


Percentage of scald. 


Variety of apple and date of note taking. In barrels with oiled blotter strips. 
In barrels 
with no oil. 


Oil No. 1. | Oil No. 2. | oi No. 3. 


Grimes Golden, Dec. 31, 1919. ...........+- 64 
York Imperial: 
Jan. 15, 1920 70 
Jan. 17, 1920 74 
RERPING FONG, 805. 298O 6s. oad sie espe 6% 55 


The iruit packed with the oiled blotter material scattered through the 
barrel averaged about one-third as much scald as that packed in the usual 
manner. While the results are not particularly satisfactory from the 
commercial standpoint, they show that scald can be reduced without in- 
closing the apples in wrappers. 

Experiments were also made in which barrels were soaked in oil and 
others in which barrels were lined with oiled blotter sheets. In both 
cases the scald was reduced on the fruit nearest the oil but the results in 
general were even less satisfactory than those reported in Table VII for 
the oiled blotter strips. 

A large number of experiments were made in the application of oil and 
wax directly to the skin of the apple. The material was rubbed on with a 
piece of cloth at the time the apples were packed. A description of the 
different oils has already been given in connection with the wrappers hav- 
ing the corresponding numbers. ‘The heavily oiled apples received ap- 
proximately 0.06 gm. of oil to the apple, the medium oiled ones approxi- 
mately 0.03 gm. and the lightly oiled ones 0.017 gm. The Bi wax was 
composed of 75 parts by weight of mineral oil and 25 parts beeswax, 
the B2 of 50 parts mineral oil and 50 parts beeswax, and the B3 of 25 parts 
mineral oil and 75 parts beeswax. ‘These waxes were applied at the rate 
of approximately 0.04 gm. to the apple. The P wax was composed of 
mineral oil and hard paraffin in equal parts by weight, and the treated 
fruit received approximately 0.035 gm. per apple. The V wax was com- 
posed of mineral oil and vaseline in equal parts by weight, and it was 
applied at the rate of approximately 0.03 gm. per apple. The BP: wax 
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was composed of 40 parts by weight of mineral oil, 5 parts beeswax, and 
55 parts paraffin. The BP2 wax was composed of 40 parts of mineral oil, 
10 parts beeswax, and 50 parts paraffin. The BP3 wax was composed of 
29 parts mineral oil, 10 parts beeswax, and 61 parts paraffin. Approxi- 
mately 0.018 gm. of the beeswax-paraffin-oil mixtures was applied to 
each apple. The relatively low dosage in this case was due to the fact that 
these waxes were comparatively firm and did not stick to the fruit in as 
heavy layers as the other waxes. The results of the various oil and wax 
experiments are reported in Table VIII. 

In most cases the apples that were treated with oil had a less attractive 
appearance upon removal from storage than the untreated ones. The 
natural bloom of the fruit was lacking, and the apples that had received 
heavy or medium applications of oil, and many of them that had received 
light ones, still had an oily appearance. The apples that received the 
beeswax-oil, paraffin-oil, or vaseline-oil mixtures were usually slightly 
sticky or greasy, but those that received the beeswax-paraffin-oil com- 
binations had little that was objectionable in feel or appearance. 

Many of the lots treated with oil and a few of those treated with bees- 
wax-oil mixtures had a higher percentage of blue mold rot than the 
untreated fruit. 

Most of the apples that were treated with either oil or wax were much 
greener and firmer than the untreated fruit and were often lacking in 
flavor and quality. The condition of the fruit was much like that 
described in an earlier publication * as resulting from short periods of 
storage in carbon dioxide. The fruit that received heavy or medium 
applications of oil was affected most, that which received light applica- 
tions of oil or was treated with beeswax-oil, paraffin-oil, or vaselin-oil mix- 
tures was less affected, while that which was treated with the beeswax- 
paraffin-oil mixtures was entirely normal in color, firmness, and taste. 

A study of Table VIII shows that all of the oils and most of the waxes 
decreased the development of scald but that they fell far short of the 
oiled wrappers in efficiency. If an average is taken of the comparable 
tests, it gives 14.7 per cent of scald on the lightly oiled apples, 9.1 per cent 
on the heavily oiled ones, 40.5 per cent on the untreated fruit, and 0.5 
per cent on the apples in mineral-oil wrappers. The beeswax-oil, paraffin- 
oil, and vaseline-oil mixtures gave approximately as good results as the 
heavy applications of oil, but the beeswax-paraffin-oil mixtures had 
little or no value in scald control. As already noted, the beeswax-paraf- 
fin-oil mixtures not only had a low oil content but also were applied to 
the apples in much smaller quantities than the other materials. The 
poor scald control secured with these mixtures and the contrasts in con- 
trol with the heavy and light applications of oil indicate a correlation 
between quantity of oil applied and degree of efficiency in scald control. 


NATURE OF SCALD CONTROL 


Investigations in regard to the general nature of apple scald were 
reported in an earlier publication.’ It was established by experimental 
data that in so far as the usual storage conditions were concerned scald 
was the result of tight packages and tight storing and that the disease 
could be prevented by free air movement over the apples. It was shown 
that while tight storage naturally resulted in a decrease in the oxygen 





* Brooks, Charles, Cooney J. S., and Fisuer, D. F. op. crt. 
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and an increase in the carbon dioxid present in the storage air, these 
conditions were not responsible for the development of scald and, in fact, 
that increases in the carbon-dioxid content of the air actually tended 
to hold the disease in check. Experiments on humidity indicated that 
the benefits from air currents probably could not be attributed to their 
drying effect. Withered apples usually scalded less than crisp ones but 
apparently because of the aeration that accompanied the drying rather 
than from the drying itself. Apples stored in the air that was saturated 
with moisture but constantly stirred did not develop scald while similar 
apples in dry, stagnant air became badly scalded. The negative results 
along the above lines finally led to testing the effects of the odorous 
products of the apple. It was found that typical scald conditions could 
be produced by exposing the apples to odorous substances similar to 
those given off by the apples and that various odor-absorbing materials 
such as fats and oils could be used as scald preventives. These facts 
gave the foundation for the development of the oiled wrapper. 

The data of the present paper furnish additional evidence in regard 
to the factors involved in scald control. That the question of humidity 
is secondary or negligible is indicated by the fact that the tin foil and 
glassine wrappers (see Table I) had little or no effect upon scald, by 
the fact that the paraffin wrappers had less than half the efficiency of 
the mineral oil wrappers, and also by the fact that the oiled and waxed 
apples although still oily and sticky at the time of removal from storage 
were not protected from scald to anything like the degree that prevailed 
with the apples held in oiled wrappers. In these various tests there was 
apparently no correlation between moisture control and scald control. 

It was stated above that increases in the carbon-dioxid content of 
the storage air resulted in a decrease in apple scald. ‘The oiled wrappers 
and the direct oil and wax treatments tend to restrict the free air move- 
ment between the apple tissues and the outside air and would favor 
the accumulation of the carbon-dioxid of respiration in the air within 
and immediately surrounding the apple. It would therefore seem possible 
that their value in scald control might be due to this restriction of gas- 
eous exchange. This can not be true, however, in so far as the direct 
physical protection of the oiled wrapper is concerned, for if this were 
the case the glassine wrapper, which is made of practically air-tight 
paper, should give better scald control than the oiled wrapper, the 
paraffin wrapper should give practically as good control, and double 
and triple wrapped apples should have greater freedom from scald than 
single wrapped ones, all of which conditions are contrary to the facts. 
If the oiled wrapper is of value on account of physical barriers set up, 
it must be through the coating of oil it deposits on the apple. 

With the oil and wax treatments of the apple and with the film of oil 
that passes over from the wrapper to the apple there is the possibility 
both of restriction in gaseous exchange and of more direct physiological 
effects upon the skin of the apple. That a definite physiological effect 
is produced is evidenced by the fact that the development of yellow 
in the ground color of the apple is delayed by both methods of treatment 
and approximately in proportion to the amount of oil that is deposited 
on the apple. It would seem probable that any agency that had a check- 
ing or inhibiting effect upon the skin of the apple might at the same 
time be responsible for a reduction in scald, but it does not seem possible 
to fully explain the scald control secured with the oiled wrapper on this 
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basis. The scald control secured with the direct applications has been 
approximately in proportion to the amount of oil used and in proportion 
to the inhibition of coloring, but the scald control secured with the oiled 
wrapper has been entirly out of proportion to the amount of oil deposited 
on the apples and out of proportion to the inhibition of color develop- 
ment in the skin. The direct application of 0.017 gm. of oil per apple 
has reduced scald from 40.5 per cent to 14.7 per cent (see Table VIII and 
discussion), and the direct application 0.06 gm. per apple has reduced 
the disease to 9.1 per cent; while the use of oiled wrappers with a deposit 
of less than 0.0211 gm. of oil per apple (see Table III and discussion) 
has reduced scald to 0.5 per cent. The results of the various investiga- 
tions on scald have shown that the elimination of the last 10 or 15 per 
cent of the disease is far more difficult than similar reductions from higher 
percentages; and it seems impossible to explain the extreme efficiency of 
the oiled wrapper on the basis of the small deposit of oil on the apple. 
The evidence at hand seeims to justify the conclusion that the inhibition 
of coloring in the skin of the apple is due to the oil actually deposited 
on it, but that the scald control is determined by the total oil lying in 
close proximity to the apple but not necessarily deposited on it. 

This theory of scald control receives further support from the fact 
that the disease has been greatly reduced on apples that were unwrapped 
or in unoiled wrappers, but adjacent to apples in oiled wrappers, and 
slightly reduced on similar apples that were two or more layers distant 
from the oiled wrappers (Table VI), and also by the fact that apples 
with an unoiled wrapper inside the oiled one and with apparently no 
deposit of oil on the apples have had but little more scald than those 
with the oiled wrapper in direct contact with the skin of the apple. 


CRITICAL PERIODS IN THE DEVELOPMENT OF SCALD 


The oiled wrapper has furnished a convenient means of determining 
the period in the storage season in which the different varieties of apples 
need the greatest protection against scald. Table IX shows the results 
obtained by applying the oiled wrappers at different times; in some 
cases at picking time and in others several weeks after the apples had 
been placed in storage. 

The results show that it is not essential to scald control that the 
wrappers applied at picking time should remain on the fruit throughout 
the storage season. In one experiment Rome Beauty apples remained 
free from scald when the oiled wrappers were removed at the end of 
4 weeks of storage, and in another they scalded when they were removed 
at the end of 5 weeks but not when removed at the end of 10 weekx. 
Stayman Winesap scalded when the oiled wrappers were removed at the 
end of 6 weeks, but remained free from scald when removed at‘the 
end of 9 weeks. Winesap remained free from scald when the wrappers 
were removed at the end of 8 weeks, while Grimes Golden scalded badly 
when the wrappers were removed at the end of 9 weeks. 

Oiled wrappers applied during the first month of storage gave as com- 
plete scald control on all varieties as those applied at picking time; 
those applied at the end of 8 weeks gave only partial control on Arkansas, 
York Imperial, and Stayman Winesap, while those applied at the end 
of 12 weeks of storage gave complete control on Rome Beauty and 
Winesap. 
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TaBLE [X.—Critical periods in the development of apple scald as shown by the results 
from oiled wrappers applied at different times in the storage season 








Degree of 
scald 
Description of apples and wrappers. Wrappers applied. eal 

a 
storage. 


Grimes Golden, Rockville, Md.; picked Sept. 3, 1920; 

notes taken Jan. 8, 1921: ; Per cent, 

Unoiled wrappers At picking time. . 
DEIOOAL CA WIRE. NOs. S sic scan cp pes uesine ed se tlpes te do 

Do | Nov. 3, 1920.....| 

| Nov. 23, 1920. ...| 

Dec. 10, 1920. . . .| 





Do 
Grimes Golden, Wenatchee, Wash.; picked Sept. 20, 
1920; notes taken Feb. 12, 1921: 
Unoiled wrapper 
Mineral oil wrapper No. 3a 
From unoiled wrapper applied at picking time to | 
| Oct. 27, 1920 
| Nov. 11, 1920. 
| Nov. 26, 1920. 
Grimes Golden, Wenatchee, Wash.; picked Sept. 10, | 
1921; notes taken Mar. 1, 1922: 
Unoiled wrapper 
Mineral oil wrapper No. 4b 
From unoiled wrapper applied at picking time to 
b 


.| Oct. 21, 1921 
Do Nov. 21, 1921... 
From mineral oil wrapper No. 4b applied at picking 
time to unoiled wrappers 
Do Oct. 21, 1921 
| Nov. 21, 1921. 
York Imperial, Arlington, Va.; picked Sept. 27, 1920; 
notes taken Apr. 3, 1921: 
CRORE NDE aon nn tin ds cede snesrencrscrecscens At picking time. .| 
Mineral oil wrapper No. 3 do 
Do 


Do 
Arkansas (Mammoth Black Twig), Winchester, Va.; 
picked Oct. 18, 1920; notes taken Jan. 24, 1921: 
Unwrapped 
Mineral oil wrapper No. 3 . £2,°2990.) 
D -i 25) 1920... 
- 28, 1920.... 
e123) 2680... ... 
Do . EG, ee. ss 
Rome Beauty, Wenatchee, Wash.; picked Oct. 20, 1920; 
notes taken May 18, 1921: 
Unoiled wrapper 
Mineral oil wrapper No. 3a 
From unoiled wrapper apoticd at picking time to | 
Nov. 20, 1920.... 
' Dec. 20, 1920.... 
Jan. 21, 1921.... 
| Keb. 25, 1922.... 
From mineral oil wrapper No. 3a applied at picking 
time to unoiled wrapper Nov. 20, 1920.... 
Do Dec. 20, 1920.... 
JOM. Bly LORE. -05 25 
Do Feb. 25, 1921.... 
Rome Beauty, Wenatchee, Wash., picked Oct. 27, 1921; 
notes taken Apr. 22, 1922: 
Unoiled wrapper 
Mineral oil wrapper No. 4a 
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TABLE IX.—Critical periods in the development of apple scald as shown by results 
from otled wrappers applied at different times in storage season—Continued 


| Degree of 
riety | scald 
Description of apples and wrappers. Wrappersapplied. | - — 
er 
storage. 
| 


Rome Beauty, Wenatchee, Wash., etc.—Continued. 
Unoiled wrapper applied at picking time and re- | Per cent. 

moved and replaced , seat 24 

Do 15 

From unoiled wrapper applied at picking time to 


Do 
From mineral oil wrapper No. 4a applied at picking 
time to unoiled wrapper 
Do 


Stayman Winesap, Wenatchee, Wash.; picked Oct. 9, 
1920; notes taken May 23, 1921: 
Unoiled wrapper 
Mineral oil wrapper No. 3a 
From unoiled wrapper applied at picking time to 
No. 3a | Nov. 20, 1920. . ..| 
Do | Dec. 8, 1920. .... 
Jan. 10, 1921 
Feb. 25, 1921.... 
From mineral oil wrapper No. 3a applied at picking 
time to unoiled wrapper | Nov. 20, 1920.... 
Do Dec. 8, 1920... . .| 
Jan. 10, 1921.... 
Feb. 25, 1921... .| 
Winesap, Wenatchee, Wash.; picked Oct. 25, 1920; 
notes taken June 20, 1921: | 
Unoiled wrapper | At picking time. .| 
Mineral oil wrapper No. 3a. ..............0eeeeeeeelees + GO 
From unoiled wrapper applied at picking time to | 
No. 3a . 20, 1920....| 
. 21, 192%... . | 
. 25, 1921....| 


From mineral oil wrapper No. 3a applied at picking 
time to unoiled wrapper | - 20, 1920.... 
Do p Py BON: SSS. 
» Ogy'2gee) Js. 


believed that the apples received enough aeration during the exchange 
of wrappers to materially influence the development of scald, but this 
point was definitely tested with one lot of Rome Beauty. The unoiled 
wrappers were removed and the apples repacked in the same wrappers 
without securing scald control, while similar apples repacked in oiled 
wrappers were free from scald at the end of the storage period. 

The results of the experiments reported in Table IX have a practica, 
value in showing that where apples are stored in orchard boxes and 
packed out later, the oiled wrappers can still be used to advantage in 
scald control. They are of general pathological interest because of the 
light they throw on the cumulative nature of a physiological disease, 
and they are in agreement with the experiments on aeration reported 
in earlier publications in showing that the development of scald can be 
divided into several fairly distinct periods or stages. 

The first period in the development of apple scald begins with the 
picking of the fruit and, with the more susceptible varieties, ends with 
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the sixth or eighth week of storage. During this time the scald-producing 
agencies are apparently most active, yet up to the end of the period it is 
possible to largely or entirely overcome any accumulated tendencies to 
the disease by wrapping the apples in oiled paper or by airing them out 
in a warm room. ‘The second stage in the development of the disease 
extends over a 5 to 8 week period following the first. Preventive meas- 
ures have now become of little or no avail. The apples are doomed to 
scald if given sufficient time, yet if removed from storage before the end 
of the period they do not show scald even upon warming. The third 
stage or period covers the remainder of the time the apples are in storage. 
They have now become latently or potentially scalded. Certain skin cells 
are practically dead, yet will remain green and appear practically normal 
if not exposed to warm air. The fourth stage includes the life of the 
scalded apples after removal from storage. The affected skin turns 
brown and completes its death processes. 


SUMMARY 


The results are reported on 67 different apple storage experiments 
carried out under commercial storage conditions. 

Apples packed in the usual unoiled wrappers have had practically the 
same degree of scald as those that were unwrapped. 

Paraffin wrappers have caused considerable reduction in the prevalence 
of scald, but have proved far inferior to oiled wrappers. 

In 63 of the 67 tests the oiled wrappers have either entirely prevented 
the development of scald or reduced it to a degree that made it negli- 
gible from the commercial standpoint. The apples in oiled wrappers 
have shown but little if any delay in coloring and have been entirely 
normal in taste and appearance. 

Wrappers carrying less than 15 per cent of oil have been less efficient 
in scald control than those carrying 15 per cent (about 0.28 gin. per 
wrapper) or more of oil. 

Seven different mineral oils have been tested in the oiled wrappers and 
all have been efficient in scald control. 

Oiled blotter material scattered through the barrel package has re- 
duced scald to about one-third the amount found in the untreated barrels. 

Oils and mixtures of oils and waxes applied to the skin of the apple 
have given rather erratic results in scald control, the efficiency of 
the treatment usually varying with the amount of oil applied. The 
apples have usually had a greasy appearance and an abnormal greenness, 
sometimes accompanied by a lack of flavor and a general condition of 
the fruit similar to that resulting from storage in high percentages of 
carbon dioxid. 

Various oil determinations are reported, giving the amount of oil in 
the fresh wrappers and in the used ones, the amount taken up by 
box liners; and the amount taken up by unoiled wrappers applied to 
the apples inside the oiled ones. 

The conclusion is drawn that the checking of the changes from green 
to yellow in the skin of the apple is due to the oil actually deposited on 
the apple, and that the extent of the scald control is largely determined 
by the amount of oil in close proximity to the skin of the apple but not 
necessarily deposited on it. 

Four stages, or periods, are recognized in the development of scald. 
each bearing a different relation to remedial measures. 
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INFLUENCE OF TEMPERATURE AND INITIAL WEIGHT 
OF SEEDS UPON THE GROWTH-RATE OF PHASEOLUS 
VULGARIS SEEDLINGS! 


By WILLEM RupoLFs? 
Biochemist, New Jersey Agricultural Experiment Station 
INTRODUCTION 


In the recent extensive publications upon quantitative aspects of 
growth of plants, the present state of this work is adequately summarized. 
The study reported in this paper was conducted in an attempt to discover, 
first, the direct influence of temperature upon the growth curves of plants 
when as many environmental factors as possible were controlled, and, 
second, to determine the influence of initial weight of seeds upon the 
rate of growth of the plants under such conditions. 


EXPERIMENTAL RESULTS 


A large number of seeds of Phaseolus vulgaris (beans) were selected 
according to their initial weights. Those designated as “small seeds”’ 
weighed (air dry) from 6.92 to 7.23 gm. per 50 seeds, and those desig- 
nated as “large seeds” weighed from 13.52 to 14.41 gm. per 50 seeds. 
The seeds were placed on top of greenhouse soil kept at a moisture con- 
tent of 60 per cent of the water-holding capacity. As soon as the seeds 
germinated they were covered with a thin layer of soil and placed in 
dark incubators, subject to accurate humidity control (60 per cent 
relative humidity), and kept at definite temperatures of 5°, 10°, 15°, and 
20°C. The elongation of the shoots and of each internode was meas- 
ured daily in millimeters at approximately the same hour, care being 
taken to start each time with the same individuals. Measurements were 
taken until the seedlings collapsed or the plants stopped growing. The 
greatest height reached by any group of seedlings was nearly 28 cm. 
(20° C.), while the group of seedlings grown at 5° C. attained a height of 
less than 2cm. The average readings of from 20 to 50 individuals were 
fitted to Robertson’s * autocatalytic formula: 


x > 
log.0—; = K (t—3). 


In this equation a is the final size of the organism; x is the size of the 
organism at time ¢; and ¢, is the time at which the organism has reached 


. ° a . a 
half its final size, or when dT and K is a constant. Robertson’s* 


tables for the computation of curves of autocatalysis were used to check 
the calculations, 


1 Accepted for publication November 1, 1923. This is paper No. 145 of the Journal Series, New Jersey 

Agricultural Experiment Station, Department of Soil Chemistry and Bacteriology. 
The writer is indebted to Earl S. Harris, formerly junior chemist, New Jersey Agricultural Experiment 

Station, for the help rendered in calculating the results herein reported. 

3 ROBERTSON, T. Brailsford. TABLES FOR THE COMPUTATION OF CURVES OF AUTOCATALYSIS, WITH ESPE- 
CIAL REFERENCE TO CURVES OF GROWTH. /n Univ. Calif. Pub. Physiol., v. 4, p. 211-228. 1915. 

*RoseErtson, T. Brailsford. FURTHER REMARKS ON THE NORMAL RATE OF GROWTH OF AN INDIVIDUAL, 
AND ITS BIOCHEMICAL SIGNIFICANCE, Im Arch. eee Organ., Bd. 26, p. 108-118. san 
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Figure 1 shows the observed values, together with the calculated curve 
for the shoots of large-sized beans (13.71 gm. per 50 seeds) grown at a 
constant temperature of 15° C. It can be seen that the agreement 
between observed and calculated values is good except for the first few 
points. The agreements between the observed and calculated values for 
the other sets of curves were as good as in the aboveexample. In order 
to avoid the printing of tables, the individual figures observed are placed 
on file for examination in the office of the New Jersey Agricultural 
Experiment Station at New Brunswick, N. J. 

The fitted curves for the data secured for the different sizes of seeds 
and at different temperatures are presented in figure 2. The total 
averages for the seeds of different sizes grown at 5° and at 10° C. are 
given in two curves, while the data obtained from small and from large 


Days 0 2 4 10 12 44 18 20 22 24 26 28 30 


Fic. 1.—Growth-rate of shoots of Phaseolus vulgaris kept at constant temperature of 15°C. ‘The curve 
represents the fitted graph and circles represent the observed lengths. 


seeds grown at 15° and at 20° are calculated separately and presented 
in different curves. 

It is apparent that almost no growth occurred at 5°C. The average 
growth at all sizes of seeds grown at 10° C. is about the same as the growth 
produced by small seeds grown at 15° C. ‘The curves for plants grown 
at 15° and at 20° C. show strikingly that the advantage is in favor of 
the plants grown from the heavier seeds as compared with those from 
the lighter seeds. This advantage is not only maintained throughout 
the growth period but is also augmented as time progresses. It must 
be kept in mind that the plants were grown in darkness and stopped 
growing as soon as the reserve material in the seeds was used up. The 
decrease in food material caused the plants to grow more and more 
slowly, hence the flattening of the curves. 

These results show that, photosynthesis aside, the large store of food 
in the larger seeds probably makes it possible for the plant to which they 
gave rise to obtain a relatively better start. 

The influence of temperature upon the growth curves is very pro- 
nounced, especially in the case of large seeds. ‘This phenomenon might 
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be expected, since the initial amount of reserve material seems to deter- 
mine the total growth product, while the temperature acts as an accel- 
erating factor. In order to illustrate the relation between seed-weight, 
temperature, and growth-rate, we may consider the time required to ob- 
tain a growth of 140 mm. for the large and for the small seeds, respectively: 
At 10° C., large and small seeds require 9.8 days; at 15°, large seeds, 7.8 
days; small seeds, 8.8 days; at 20°, large seeds 3.1 days; small seeds, 8.5 
days. It can be seen that in the case of large seeds a normal temperature 
coefficient exists, while in the case of small seeds the temperature coeffi- 


Days 10 


Fic. 2.—Growth rate of shoots of beans kept at different constant temperatures. The curves for beans, 
grown at 15° and 20° C, represent two different groups of seeds with different initial seed weights. 


cient is abnormally small. This would seem to suggest that the amount 
of food stored in the seeds is of major importance for early growth. 


SUMMARY 


Bean seeds of different sizes (weights) were selected and grown in dark- 
ness in greenhouse soil with 60 per cent of its water-holding capacity, con- 
stant relative air humidity (60 per cent), and at constant temperatures * 
of 5°, 10°, 15°, and 20° C., until the seedlings stopped growing or col- 
lapsed. Robertson’s equation, considering growth as an autocatalytic 
chemical reaction, was applied. 

Under these uniform conditions plants of seeds of a heavier weight show 
a decided advantage over plantlets from seeds of light initial weight. 

Temperature acting as an accelerating factor increases the advantage 
of plants grown from seeds with a greater initial weight. 
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SOME FACTORS WHICH INFLUENCE THE FEATHERING 
OF CREAM IN COFFEE! 


By L. H. BurGwaLp 


Assistant Market Milk Specialist, Dairy Division, Bureau of Animal Industry, United 
States Department of Agriculture? 


PLAN OF EXPERIMENTS 


Feathering is the flaking or curdling of cream in coffee. This is some- 
times troublesome to milk dealers because customers assume that it 
indicates sourness; and because, although sweet cream when it feathers 
does not produce a sour taste in the coffee, yet it gives an unpleasing 
appearance. It is known that sour cream will feather when added to 
hot coffee, but at times cream that is sweet to the taste will do likewise. 
From this it may be concluded that there must be factors other than 
high acidity which affect or influence feathering. With this in mind 
a number of factors were studied as follows: 

Acidity of coffee made by different methods—boiled, percolated, drip. 

Use of coffees of different grades—high, medium, low. 

Method of mixing cream and coffee— 

(a) Adding cream to coffee without sugar. 
(b) Adding cream to coffee and sugar. 
(c) Adding coffee to cream without sugar. 
(d) Adding coffee to cream and sugar. 

Age of cream. 

Kind of cream—percentage of butterfat, and whether raw, pasteurized, 
homogenized, or frozen. 

The acidity of the cream was the basic factor for determining the 
effect which these various other factors had on the feathering of the 
cream. The acidity was determined as lactic acid by titrating with 
N/20 NaOH, using phenolphthalein as an indicator. The conclusions are 
based on results obtained from a total of about goo different tests. 


ACIDITY OF COFFEE 


Three different methods of making coffee were tried—boiling, perco- 
lating, and dripping. 

Boiled.—The coffee was medium ground, 50 grams to 500 cc. of 
distilled water, boiled for five minutes, filtered, cooled, and made up to 
500 ce. 

Percolaied.—The coffee was medium ground, 50 grams to 500 cc. 
distilled water, percolated for five minutes, filtered, cooled, and made up 
to 500 cc. . 

French drip.—Pulverized coffee, 50 grams to 500 cc. of boiling dis- 
tilled water poured through the colfee once, filtered, cooled, and made 
up to 500 cc. 


1 Accepted for publication Nov. 19, 1923. : aut " Tee ee — 
_ * Credit is due Geo. B. Taylor, former market milk specialist with this division, for preliminary work 
in these experiments, 
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The acidity of the coffees made by these various methods, using brom- 
thymol blue as indicator, is shown in the following table: 


TABLE I,—Acidity of coffee made by various methods 


N/1oNaOH re- 
quired to neu- | Hydrogemion 
tralize rooce. | concentration. 
of coffee. 


Method. 


: Ce. | Pg 
DOOR: cas eisih << alive foie (ENT y iis MTbda sees ters MRT II. 0 | 4.92 
PI surai sce wakntur i Gives: tametindnek <add okt sities II. 5 4.91 
RUN TD <0 sh ay cane ES* Basa AA Yad see <4 4¥ caked {i ie 





There was practically no difference in the acidity of the coffee made 
by these methods. Because of this fact it was considered unnecessary 
to run cream tests on coffee made by all three methods. The French 
drip method was selected for all the experiments. Fifty grams of 
pulverized coffee were used to 1,000 cc. of water. 


GRADE OF COFFEE 


Three different grades of coffee of known qualitv—high, medium, and 
low—were obtained through the New York office of the Bureau of Chem- 
istry. These three grades and a special brand of coffee purchased on the 
market were used in experiments on the effect of different grades of cof- 
fee on feathering. 

The titratable acidity of the different grades, using brom-thymol blue 
as indicator, was practically the same for all and was as follows: 


TABLE II.—Acidity of coffee of different grades 





| N/2o NaOH 


Grade. | sawkreliee see 
ce, of coffee, 
Ce. 
Me eS SUT lees DONT Woe Bele, Bee ei. 1 leek Ba. 12.0 
NN ois 9.8 cts os va nae 6 Eiasoe ae ROUTE Meee ORC Ute eek oe Ra 12.0 
EEE ere rT ee Dee em: ceri. MRE Lohr 12.5 
ce RPC at as RLS eanaeiele ta, SO stir srle nc idl a aap Aint a 12.5 





There was no noticeable difference in the effect of these various grades 
of ‘coffee on the feathering of the cream, as shown in a total of 120 tests 
run on each coffee, in which the following grades of cream were used: 
Raw cream testing 20 per cent butterfat, pasteurized cream testing 20 per 
cent, pasteurized and homogenized cream testing 20 per cent, and raw 
cream testing 35 per cent. 


METHOD OF MIXING CREAM AND COFFEE 


In the remaining experiments the special brand of coffee was used. 
The average temperature of the coffee at the actual time of mixing the 
cream with it was about 95°C. Each experiment consisted of — 
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Feathering of Cream in Coffee 





(a) Adding cream to coffee without sugar. 
(b) Adding cream to coffee and sugar. 
(c) Adding coffee to cream without sugar. 
(d) Adding coffee to cream and sugar. 

Cream always feathered at a lower acidity in method (d)—when the 
coffee was added to the cream and sugar. (See Tables III to VIII.) This 
may be attributed to the fact that the sugar in dissolving used moisture 
from the cream and in so doing precipitated some of the casein present, 
causing feathering when the hot coffee was added. If the sugar was 
moistened with a little water before adding the cream, or the sugar was 
added to the coffee either before or after adding the cream, then the 
sugar had no effect on the feathering. 

In practically all the tests, method (c)—adding the coffee to the cream 
without sugar—had the least effect on the feathering, i. e., the cream did 
not feather at so low an acidity when the coffee was added to the cream 
without sugar. Sugar may be added afterwards without affecting the 
feathering. (See Tables III to VIII.) 


AGE OF CREAM 


The effect of age of cream on feathering was determined by aging cream 
at low temperatures (1° to 2° C.) so as to keep acidity increase at a mini- 
mum. Aging cream for 7 to 10 days by this method had no effect on the 
feathering. 

KIND OF CREAM 


The richness of the cream had very little effect on the feathering. The 
richer creams, i. e., those containing a higher percentage of butterfat, 
feathered at a slightly lower acidity. This was undoubtedly due to the 
fact that the acidity in the richer creams was more nearly true acid than 
in the case of the less rich creams, containing more solids not fat, which 
would affect the titratable acidity. (See Tables III and IV.) 

The acidity of all the cream was determined by titrating 10 cc. of 
the cream with N/2o0 NaOH, using phenolphthalein as indicator. 

Pasteurizing had but slight effect on the feathering. Comparative 
tests of raw and pasteurized creams showed that the pasteurized creams 
feathered at a slightly lower acidity than the same cream not pasteurized. 
(See Tables III, V, and VI.) 

Homogenizing greatly affects the feathering of cream. Homogenized 
cream feathered at a decidedly lower acidity than any that was not 
homogenized. ‘There were considerable variations in the percentage of 
acidity at which the homogenized cream feathered, due undoubtedly to 
the fact that the samples were purchased from different dealers, who 
probably were using different homogenizing pressures. No information 
concerning the pressures used was obtained. (See Table VII.) Com- 
parative tests, using different pressures, showed that the higher the pres- 
sure at which the cream was homogenized, the lower the acidity at which 
it feathered. (See Table VIII.) 

Freezing the cream had apparently no effect on the feathering; a heavy 
oily layer would form on the coffee, however. 


RESULTS OF EXPERIMENTS 


In Tables III to VIII, showing the results of the experimental work, 
the four methods of mixing the cream and coffee are described as follows: 
a represents adding cream to coffee without sugar; 6 represents adding 
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cream to coffee and sugar; c represents adding coffee to cream without 
sugar; d represents adding coffee to cream and sugar. 


TABLE III.—Results of composite tests of raw cream testing 18 and 20 per cent butterfat 





PND AS Se Se ee ee eae Sees SESS Se ea eT re ee es ee - — Acidit 
| Method of mixing cream and coffee. 
Acidity of cream. 


0.225 per cent...| No feathering. .| No fo feathering. | No feattidiing: Feathering. 
©. 29 per cent.... 810 v0.0, = teed bes do Do. 
0.295 per cent... ivibeas hes Do. 
0.315 per cent... 
0.32 per cent.... d d met Do. 





TaB_ye IV.—Results of composite tests of raw cream testing 30 and 35 per cent butterfat 





ce ee 
| : Method of mixing cream and coffee. 


! 
Acidity of cream. ' 
| d 


0.22 per cent....| No PN: : | No feathering. .| No feathering. .| Feathering. 
0.26 per cent 1 
0 30 per cent...) F Mas Nig 


TABLE V.—Results of composite tests of pasteurized cream testing 20 per cent butterfat 





Method of mixing cream and coffee. 


Acidity of cream, 


| 
| 
| 


0.225 per cent...| No feathering...) No feathering...| No ere | Featherinz. 
0.26 per cent.... 1 1 Do. 
0.295 per cent.. | Feathering....| Fe od | Do. 





TABLE VI.—Comparative tests of raw and pasteurized cream testing 30 per cent butterfat 





Method of mixing cream and coffee. 


Acidity of cream, | - — . jataciniaiaiaisancaietelilssin aiaiticin 


Raw cream: 
0.23 per cent. | No feathering... 5 | Feathering. 
.26 per cent d do Do. 
0.30 per cent..| Feathering. .. ] Bree ote ..| Feathering... .| Do. 
Pasteurized | 
cream: | 
.22 per cent.. | No feathering...| No feathering...| No feathering...| Do. 
.24 per cent d d Do. 
.275 per cent.| Feathering | Feathering Do. 
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TaBLE VII.—Composite tests of homogenized and pasteurized cream testing 20 per cent 


Acidity of cream. 


0.125 per cent. 
0.14 to 0.16 per 
cent. 


ae 
fisn. ae 
} Bindi 


No Siditaiie 


Trace; <a2iticd. oat 


0.155 to o. 185 | | Feathering...... 


per cent. 


0.165 to 0.22 per | 


cent. 


TaBLE VIII.—Effect 


Acidity of cream. 


| 
| 
| 
| 
} 
} 


butterfat 


Method of mixing cream and coffee. 








6 € i d 
pera ls saree aoe ree | cla ae 
| 
No feathering... | No feathering...| Trace. 
Deaeel 22 205. ai Mor ajckk : | Feathering. 
Feathering...... TERRE 6 oie: 4 94,5) Do. 
ge a! do.........| Feathering......! Do. 





| | 





of homogenizing pressure on feathering of raw cream testing 30 


per cent butterfat 


Method of mixing cream and coffee. 


a b c } d 
No feathering. | No feathering...! No feathering...| No feathering. 
I dni¢ 6: MO perwp apr s Leute te 5, 4hb apdvriyias GO sets a 13 Do. 
Feathering...... Feathering...... UME. whch espe Feathering. 
| 
No feathering..., No feathering...| No feathering.. No feathering. 
Ro ae AR BRIE tes RS IO | Feathering. 
Feathering...... | Feathering...... Feathering...... | Do. 
Babee o feathering..., No feathering Do. 
caiat RT A Trace,...-.+-++)s0+-dO.....-.6.| Do. 
Feathering...... Feathering...... Feathering.. a Do. 
Paint ane TOE ana cas ss No feathering.. | Do. 
Feathering...... Feathering EOIN. | Do. 
zy «tat GOitir ie Ge eeV. ie. Reathediog. «ist! Do. 


1,000 pounds | 
pressure: 
0.135 per 

cent. 
0.145 per 
cent. 
0.185 per 
cent. 

2,000 pounds 
pressure: 
0.125 per 

cent. 
0.135 per 
cent. 
0.170 per 
cent. 

3,000 += pounds | 
pressure: 
0.135 per 

cent. 
Q.145 per 
cent. 
0.175 per 
cent 

4,000 pounds 
pressure: 
0.135 per 

cent. 
0.145 per 
cent. 
0.180 per 
cent. 





1 There w Was no  featering up to 0.190 per cent acid ona proern of the same cream not homogenize 1. 
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SUMMARY 





In determining the effect of the various factors on the feathering of 
cream in coffee, the acidity of the cream was taken as the basic factor, 
because it was present in all cases. It was also the factor having the 
greatest influence on feathering. Cream having an acidity of three. 
tenths of 1 per cent tastes sour to most people and will almost invariably 
feather when added to hot coffee. 

The average temperature of the coffee at the time of mixing it with the 
cream was about 95° C. 

The acidity of the coffee made by different processes, namely, boiled, 
percolated, and dripped, was practically identical. The hydrogen-ion 
determinations were respectively as follows: P, 4.92, 4.91 and 4.92. 
This excluded the method of preparation as having any effect on feather- 
ing. ; 

The acidity of coffee made by the drip method from high, medium, and 
low grades of known quality, and from a special brand of unknown quality 
but supposedly high grade, was practically the same. There was no 
noticeable difference in the effect of the various grades of coffee on the 
feathering of the cream. 

Each experiment consisted of — 

(a) Adding cream to coffee without sugar. 
(b) Adding cream to coffee and sugar. 
(c) Adding coffee to cream without sugar. 
(d) Adding coffee to cream and sugar. 

Of these four factors, adding the coffee to the cream and sugar had the 
greatest effect on the feathering; in other words, the cream feathered at a 
much lower acidity in (d) than it did in either (a), (0), or (c). Adding 
the coffee to the cream without sugar, (c), had the least effect on the feath- 
ering, although the advantage as compared with (a) and (6) was very 
slight. 

Aging cream for from 7 to 10 days at a low temperature (1° or 2° C.) so 
as to keep acidity increase at a minimum, had no effect on the feathering. 

The richness of the cream had very little effect on the feathering, 
though the richer cream (higher in percentage of butterfat) feathered at a 
slightly lower acidity. This was undoubtedly due to the fact that the 
titratable acidity in the richer cream was more nearly true acid. 

Pasteurizing had but little effect on the feathering; however, there was a 
tendency for pasteurized cream to feather at a slightly lower acidity than 
the same cream not pasteurized. 

Homogenization greatly affected the feathering of cream, causing it to 
feather at a decidedly lower acidity than any of the creams not homog- 
enized. The greater the homogenizing pressure used, the lower the 
acidity at which the cream feathered. 

Freezing the cream had no effect on feathering. A heavy, oily layer 
always appeared on the coffee, however, when cream that had been 
frozen was added. 

The main factors causing feathering of cream in coffee are: High 
acidity ; homogenization; adding hot coffee to cream and sugar. Acidity 
and homogenization are chiefly commercial problems. It is well to 
homogenize only cream of very low acidity if it is to be used in coffee, 
and to keep the homogenizing pressure as low as possible. Adding hot 
coffee to cream and sugar is a household and restaurant problem. It is 
well not to mix the cream and sugar before adding the hot coffee. 
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BIOLOGY OF THE FALSE WIREWORM ELEODES 
SUTURALIS' SAY? 


By J. 'S. Wane,’ Entomologist, Cereal and Forage Insect Investigations, and R. A. 
‘St. GEORGE, Assistant Entomologist, Forest Insect Investigations, Bureau of Ento- 
mology, United States Department of Agriculture 


INTRODUCTION 


The false wireworm Eleodes suturalis Say is now a serious menace to 
the production of wheat and other small grains in both irrigated and 
nonirrigated districts in some of the more recently settled, semiarid 
regions of the Middle West. It is an impressive illustration of a truth 
repeatedly emphasized by the late Prof. F. M. Webster (33, p. 72)‘, 
namely, that insects formerly supposed to be of little or no economic 
importance have frequently— 


come suddenly into prominence and become immensely destructive to crops. 


Its principal damage is caused in the fall by the larve feeding upon 
the recently sown wheat grain and its sprouts, thus retarding or prevent- 
ing the formation and growth of the young plant. It also injures or 
destroys growing wheat in the spring. 

The comparatively recent development of Eleodes suturalis as a pest 
is due largely to artificial change in its environment and food plants. 
Large areas formerly devoted to grazing have been brought under culti- 
vation, and this has diminished or almost eliminated a number of the 
native food plants and has caused the insect to attack some of the crops 
now grown in their place. This change of food plants and possibly 
better facilities for hibernation in the cultivated fields have resulted in a 
steady increase in abundance of the pest. 

Although, owing to the partial control effected by meteorological 
conditions and parasites in each infested locality, the more destructive 
outbreaks of this false wireworm have occurred only at irregular inter- 
vals, yet the activities of the pest have been reported with increasing 
frequency each year since 1910 in widely separated districts within its 
range, indicating that the species is likely to become increasingly inju- 
rious in future years. 

The territory under discussion comprises more especially the semiarid 
sections of western Texas, New Mexico, Colorado, Oklahoma, Kansas, 
Nebraska, and the Dakotas, west of the ninety-seventh meridian, and 
the life-history notes are based upon studies made in the years from 1914 
to 1917, inclusive, in the latitude of southern Kansas, the deductions 
therefrom being based upon behavior of the specimens under observation. 


HISTORY 


This insect belongs to the extensive coleopterous family Tenebrionidae, 
and to a group popularly known by the expressive term of “stink- 





1 Order Coleoptera, family Tenebrionidae. 

Accepted for publication, Nov. 1, 1923. 

§ The writer wishes to acknowledge his indebtedness to the late Prof. F. M. Webster, and to W. R. Wal- 
ton, E. G, Kelly, and Dr. E. A. Schwarz, all of the Bureau of Entomology, for helpful advice and for 
much valuable information. ‘ 

‘ Reference is made by number (italic) to “ Literature cited,’’ p. 565-566. 
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bugs.”’ It was first authentically described under the name of Blaps 
suturalis by Thos. Say (23, p. 257) in 1824. This description was 
republished (24, p. 30, pl. 16, fig. 2) in the same year and subsequently 
appeared under the same name in Say’s Collected Works (25, p. 30, pl. 16, 
fig. 2) in 1859. The insect was removed from the genus Blaps in 1829 
and placed in the genus Eleodes by Eschscholtz (7, p. ro), who indicated 
the generic structural characters of the insect upon which the change 
was based. Le Conte (16, p. 182-183) in 1858, following his description 
of Eleodes suturalis var.texana, emphasized that the species discussed is— 


Allied to Eleodes suturalis, but much larger and narrower, with the sides of thejthorax 
and elytra still more strongly margined. 


It is interesting to note that the genus Eleodes by that time embraced 
a large number of species of very varied form, and those described by 
Le Conte served yet further to illustrate the protean character of the 
genus. Le Conte (17, p. r21-122, pl. 12, fig. 5) in 1859, in further dis- 
cussion of Eleodes suturalis var. texana, reviewed the description already 
published and directed attention to the exceedingly great variations of 
the species within the genus. Lacordaire (15, p. 148-149, pl. 51, fig. 3) 
in 1859 merely directed attention to the more commonly known dis- 
tinguishing characters between this and related species. Horn (z1, p. 306) 
in 1870, in his monographic revision of the Tenebrionidae, separated 
Eleodes suturalis from E. obscura and E. acuta by the flat or concave thorax, 
and further separated E. suturalis and E. texana according to rounded 
sides of the elytra in the former and the parallel sides of the elytra in the 
latter. He added further concerning FE. suturalis that— 

The general form of this species agrees with the two already mentioned [Eleodes 
obscura and E. acuta], differing, however, in having both the thorax and elytra with 
a very acute margin, generally slightly reflexed in the latter, always so in the former, 
so that the dorsum appears either flattened or concave in accordance with the de 
to which they are upturned. The sides of the elytra are rounded, never parallel, 
the dorsum is always flat. The anterior femora are not very acutely toothed, fre- 
pow merely sinuate . . . Many specimens have a broad red band along 

e suture of the elytra. 


Concerning Eleodes texana Lec., Horn directed attention to the fact 
that it, too, was acutely margined. In comparing it with E. suturalis 
he noted that the thoracic margin is much wider and more reflexed, the 
thorax broader, the sides more strongly rounded, the apex deeply emargi- 
nate with acute angles, and the base trisinuate and with acute angles. 
The elytra are more acutely margined than in E. suturahs, the dorsum 
slightly concave, longer and more parallel and in the males slightly 
produced, their surface also feebly sulcate with strize of coarse, closely 
placed punctures. The anterior femora of the male are armed with a 
rather short acute tooth. Horn (12, p. 34) in 1874, after making further 
study of the various species from more widely separated localities in 
Texas, became— 


convinced that this species [E. texana] is merely a large variety of E. suturalis Say. 


Casey (4, p. 394) in 1890, in discussion of generic differences between 
Blaps and Eleodes, made comparison of the form of the mentum between 
Blaps mortisaga and Eleodes suturalis, but indicated that the facts relative 
thereto were of doubtful taxonomic importance. Blaisdell (3, p. r99- 
205, pl. 1, fig. 14, 19, 23) in 1909, in his very full discussion of the charac- 
ters of the typical form of E. suturalis and of the variety E. texana, 
left little to be desired. He reviewed the salient type characters of E. 
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suturalis as given by Say. These are as follows: Reddish brown along 
suture. Thorax with edge deeply concave in front, lateral margin 
dilated and reflected ; anterior angles with a small escurved point. Elytra 
scabrous, grooved, lateral edge reflected, slightly elevated and acute. 
He also reviewed the salient type characters as given by Le Conte of 
E. suturalis var. texana. ‘These are as follows: Thorax with the disk 
slightly convex, sides broadly depressed and slightly reflexed, sides 
greatly rounded, subsinuate behind; anterior angles acutely acuminate; 
basal angles rectangular. Elytra with dorsum plane, sides parallel and 
margined. He also placed emphasis on the more conspicuous diagnostic 
characters—the more or less reflexed elytral margins, with the pronotal 
margins acute and reflexed, and the concave disk. The variety texana 
differs in its elongate and parallel form, the typical species being less 
elongate and with the elytral margins distinctly arcuate. Gebien 
(9, P. 251) in 1910 enumerated references to taxonomic literature on both 
the typical form and the variety texana, 

A brief but able review of the economic importance of the genus 
Eleodes was given by McColloch (18) in 1918, in which he cited the 
existing principal records of injury and directed attention to the fact 
that very little has been recorded concerning this genus from an economic 
standpoint, because— 


It is only within recent years that the false wireworms have been recognized as pests 
of growing crops. 

Swenk (27, p. 336) in 1909, in discussing injury to growing crops in 
southwestern Nebraska by Eleodes opaca Say, directed attention to the 
presence of Eleodes suturalis in suspicious numbers with that species. 
Hyslop (14, p. 74) in 1912 recorded the rearing of an adult of this species 

y Mr. Theo. Pergande from a larva injuring wheat in Saline County, 
Kans. This scarcity of information and lack of recognition as an eco- 
nomic pest is probably due to a number of causes. The larva bears con- 
siderable superficial resemblance to that of a true wireworm, of the 
family Elateridae, and it is likely that much damage to growing crops 
really caused by false wireworms has been reported as caused by the true 
wireworms. ‘Then, too, the subterranean habit and obscure work of the 
larva of this false wireworm render its presence unnoticed without close 
search. Also, the adult is seldom observed, for it does not often appear 
from beneath cover in open spots except late in the evening or early in 
the morning, as the light and heat of the day drive it to shelter. 


DISTRIBUTION 


Colorado; Canyons near Boulder, H. F. Wickham (3, p. 203); Denver, altitude 5,183 
feet, October, H. Soltau (3, p. 203); Gillette, altitude 9,933 feet, H. F. Wickham (37, 
p. 204); Golden, altitude 5,693 feet, May, H. G. Dyar and A. N. Caudell (3, p. 203), 
September, H. F. Wickham; La Junta, altitude 4,052 feet, H. F. Wickham ( A p- 
294); Berkeley, H. F. Wickham (37, p. 294); Orchard, altitude 4,403 feet, H. F. Wick- 
ham (37, p. 294); Limon, altitude 5,360 feet, September, H. F. Wickham; Sterling, 
altitude 3,932 feet, August, H. F. Wickham. 

Iowa: Lyon County, June, B. Shimek (38, ». 33, 4); Sioux City, altitude 1,104 feet, 
August, H. F, Wickham; ‘‘ Western Iowa,’ T. H. Macbride (36, p. 60). 

ansas: Argonia, altitude 1,242 feet, March to November, J. S. Wade; Augusta, 
altitude 1,214 feet, August, E. G. Kelly; Belleville, altitude 1,514 feet, July, W. E. 
Pennington; Colby, altitude 3,138 feet, August, J. S. Wade; Dodge City, altitude 
2,480 feet, June, V. King, August, J. S. Wade; Ellis, altitude 2,119 feet, August, J. S. 
Wade; Ellsworth, altitude 1,534 feet, April to October, E. G. Kelly; Garden City, 
altitude 2,829 feet, August, J. e Wade; Harper, altitude 1,417 feet, June, J. S. Wade; 
Hays, altitude 1,999 feet, April, E. G. Kelly, July, H. E. Smith; Kingman, altitude 
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1,506 feet, November, E. G. Kelly; Liberal, altitude 2/859 feet, July, J. S. Wade; 
McFarland, altitude 1,021 feet, October, E. G. Kelly; McPherson, altitude 1,490 feet, 
October, W. Knaus; Marysville, altitude 1,154 feet, October, E. G. Kelly; Meade, 
altitude 2,503 feet, July, J. S. Wade; Mulvane, altitude 1,223 feet, September, Y. 
King; Norton, altitude 2,275 feet, August, J. S. Wade; Plains, altitude 2,762 feet, 
July, J. S. Wade; Pratt, altitude 1,887 feet, November, E. G. Kelly; Riley Mk | 
July, August, E. A. Popenoe (3, p. 203); Salina, altitude 1,226 feet, October, E. G, 
Kelly; Scott City, altitude 2,971 feet, August, J. S. Wade; Sedgwick, altitude, 1,375 
feet, September, E. G. Kelly; Wallace County, altitude 3,000 feet, F. H. Snow (26, . 
68, 61); Wellington, altitude 1,205 feet, March to November, E. G. Kelly, H. E. 
Smith, V. King, pea J. S. Wade; Wilson, altitude 1,607 feet, August, V. King, j. S. 
Wade, October, E. G. Kelly; Winfield, altitude 1,114 feet, August, T. S. Wilson; 
Winona, altitude, 3,322 feet, April, E. G. Kelly. 

Nebraska: Alliance, altitude 3,971 feet, H. F. Wickham, August; Alma, altitude 
1,996 feet, J. S. Wade, August to September; Ashland, altitude 1,086 feet, October, 
J. S. Wade; Beaver City, altitude 2,147 feet, September, J. S. Wade; Belvidere, 
altitude 1,496 feet, May, C. E. Ward(22); Dodge County, Riley, Hubbard and Schwarz, 
Blaisdell (3, p. 203); Edgar, altitude 1,724 feet, October, E. G. Kelly; Elwood, altitude 
2,765 feet, November, J. S. Wade; Fairbury, altitude 1,317 feet, October, E. G. Kelly; 
Hastings, altitude 1,932 feet, October, J. S. Wade; Holdrege, altitude 2,327 feet, 
October, E. G. Kelly; Oxford, altitude 2,077 feet, October, E. G. Kelly; York, altitude 
1,634 feet, April, J. S. Wade. ; 

New Mexico: Chico, altitude 6,882 feet, September, D. J. Caffrey; Clayton, altitude 

,054 feet, September, H. F. Wickham; Clovis, August, H. F. Wickham; Koehler, 
wed T. S. Wilson, October, D. J. Caffrey; Las Vegas, altitude 6,391 feet, September, 
D. J. Caffrey; Maxwell, altitude 5,894 feet, May, October, D. J. Caffrey; Vaughn, 
September, H. F. Wickham. j 

klahoma: Alva, altitude 1,336 feet, E. G. Kelly, August; Chickasha, altitude 
1,091 feet, October, T. S. Wilson; El Reno, altitude 1,363 feet, June, E. G. Kelly; 
Mangum, September, Coll. U. S. Nat. Mus.; Texhoma, altitude 3,483 feet, November, 
E. G. Kelly; Woodward, altitude 1,893 feet, July, E. G. Kelly. 

South Dakota: Buffalo Gap, altitude 3,257 feet, A. E. Hall (3, p. 203); Mitchell, 
altitude 1,297 feet, August, H. F. Wickham; Volga, E. C. Van Dyke (3, p. 203). 

Texas: Amarillo, altitude 3,683 feet, August, H. F. Wickham; Cotulla, altitude 
442 feet, May, F. C. Pratt; Denton, altitude 620 feet, March, F. C. er K Oakville, 
December, J. D. Mitchell (13, p. 51), Fredericksborough, May, J. D. Mitchell; Hebbern- 
ville, August, J. D. Mitchell; Knickerbocker, November, F. C. Pratt; Maverick County, 
May, J. D. Mitchell; Oakville; Plano, altitude 665 feet, July, E. S. Tucker; Rio Frio, 
May, F. C. Pratt; Sabine, altitude 17 feet, June, F. C. Pratt; Sherman, altitude 728 
feet; “Texas,” C. V. Riley (3, p. 203). 


It is exceedingly probable that this insect has a wider distribution than 
the existing records indicate, and it is quite possible that it may occur 
over the greater part of the arid and semiarid regions of the Middle 
Western States. Wickham (35, p. 86) in 1890 says: 


E. suturalis I never took west of Albuquerque, where it is rather rare. 


In a discussion by the senior writer (30, p. 2-3) in 1921 of the ecological 
factors governing the distribution of this and related species, it was 
pointed out that its distribution is closely related to the marked varia- 
tions of altitude from approximately sea level to over 6,000 feet and to 
the occurrence of soils of light, sandy type, as it is known that the larval 
stages thrive best in such soil. The adults, however, have been collected 
in small numbers several miles from such sandy locations. 
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FOOD PLANTS 


Normally this insect fed upon the seed, root systems, and other portions 
of native grasses and other plants, upon dead vegetable matter in the soil, 
and occasionally upon living and dead animal tissue. As the prairies 
rapidly became settled farther and farther westward, however, these 
food plants were more and more replaced by cultivated crops, especially 
by winter wheat and other cereals, the grain of which when available 
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has become in large part their food. Of these introduced plants, the 
insect in the larval or adult stage, or in both stages, is known to feed more 
or less upon the following: Wheat (Triticum vulgare Vill.), oats (Avena 
sativa L.), corn (Zea mays L.), rye (Secale cereale L.), millet (Setaria 
italica Beauv.), alfalfa (Medicago sativa L.), kafir (Holcus sorghum L.), 
fleshy roots of sugar beets (Beta vulgaris L.), and several garden crops, 
notably the bean (Phaseolus vulgaris L.), and tubers of the potato 
(Solanum tuberosum \L,.). So far as known, wheat appears to be its 
favorite food, and this crop seems to suffer most from the depredations 
of the insect. Curiously enough, the injury to wheat is so great, and that 
occurring in the other crops enumerated is so slight by comparison, that 
a rotation introducing some of these crops, as will be shown later, has 
proved to be an efficient control measure. Although the beetle is known 
to feed to a greater or less degree upon practically all of the food plants 
enumerated, the greatest injury is wrought by the larva. 


CHARACTER OF INJURY 


The principal infestation of wheat occurs in the fall soon after sowing. 
As soon as the grains commence to soften in the process of germination, 
they are attacked by the larva. At times two or more larve may attack 
a single grain, and eat out its entire contents, leaving only the empty 
husk, but more often only one larva was found feeding upon a grain. ‘The 
characteristic nibbling of the ends and gnawing out of the germ of the 
grain by the larva when once seen may afterwards be easily recognized. 
The young sprouts are also occasionally injured, though even when not 
attacked they wilt and die as soon as nourishment is no longer obtainable 
from the infested grain. When the plant is not attacked until well 
sprouted, the results are quite similar. Even the most vigorous plants 
seldom if ever put forth new roots. 

In the fall the infestation is often confined to the more impoverished 
areas in a field, but in spring the larve may be present in numbers among 
the roots of tall and apparently healthy plants in the more productive 
areas. Where the surface is of a rolling character, infested fields soon 
present, in the fall, a parched or spotted appearance, the knolls standing 
out at first distinct and bare, although before harvest they become over- 
grown by grass and weeds. After the wheat has grown up somewhat 
around these devastated spots, the bare areas often become filled with 
dried thistles, blown there by the wind. 

In addition to the injury caused by the larva, wheat in the shock or 
stack is damaged noticeably by the adult, which nibbles the ends of the 
grains. 

The maximum injury to fall-sown grain occurs almost invariably 
during years when normal moisture is lacking. Frequently in the sandy, 
arid districts there are no rains during early fall, and the seed wheat lies 
in the ground for weeks after seeding. It is during these protracted dry 
seasons, while the grain is unable to sprout, that the larva is most inju- 
rious. During seasons when sufficient moisture is present at seeding 
time to cause the plants to sprout at once, less damage is done. 

In only one year thus far, namely, that of 1910, has the pest invaded 
in destructive numbers the eastern portion of the area indicated. In the 
early summer of that year large numbers of adults were found in that 
area in the vicinity of straw stacks and beneath old weedy wheat bundles 
which had been discarded from the previous harvest. These waste 
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bundles were rather well distributed over the various fields, which thus 
become generally infested. The fall of that year, being a very dry one 
over the entire area of distribution, was favorable for this pest; since the 
wheat was seeded early and did not sprout until quite late, much of it 
was destroyed by the insect. Comparison of infested with noninfested 
fields showed that the former were trashy while the latter invariably 
were clean. 

The insect has been known almost completely to destroy early sown 
seed wheat in early fall before sprouting has occurred, and growing wheat 
the following spring. More often, however, in dry autumns it attacks 
and destroys seed wheat in little spots or small areas all over a field, 
especially in the vicinity of straw stacks or piles of rubbish and weeds. 
Where the destruction is not complete, the injury is indicated here and 
there by the dwarfed or stunted plants. The larva is ravenous and very 
active, and sometimes as many as from four to six are present about a 
single wheat grain and its sprouts. Several full-grown larve have been 
found in 1 linear foot of a single drill row feeding upon the seed. Owing 
to their obscure, underground work a farmer frequently reseeds more 
than once in a single season without comprehending the true cause of 
his losses. 

The percentage of yield lost through depredations of this pest can not 
always be determined. Frequently the extent of damage is not appre- 
ciated by the grower, especially during dry autumns, until late in the 
season when rendered apparent by the large, bare spots over the fields 
or the stunted, depleted condition of the growing crop. In extreme 
cases entire fields of wheat have been destroyed completely so that the 
crop was not worth harvesting. 


DESCRIPTION 
EGG (FIG. 1) 


The egg is elliptic-cylindrical, bluntly oval in longitudinal section and circular 
in cross section. It is opaque ivory white, and the surface appears smooth ne 
under, low and high power of the microscope. 
reflects li ight slightly from the lighted side. The shell i is 
LO hy sufficiently tough not to become seriously distorted when 
AR the egg is rolled around in the soil. Average length 1.5 
to 2 millimeters; width 1 millimeter. 





ay TARR MATURE LARVA® 
3) Nai iad 
Length 28 millimeters; color testaceous, with head and 
Fic. 1.—Egg of Eleodes suturalis, anterior portion of legs ‘somewhat dark colored ; prester- 
num, prehypopleurum, anterior and posterior margins 

of prothorax, and posterior margins of the following segments castaneous-testaceous; 
anterior and posterior margins of prothorax and posterior margins of the following 
segments longitudinally finely striated. Surface corneous. Form elongately cylin- 
drical, about nine times as long as wide (Pl. 1, C); dorsally convex, ventrally slightly 
flattened; pygidium movable in the directions up and down, conical, mucronate. 
Head, ventral sides of the thoracic segments, anterior portion of the sternum of first 
and posterior margin of eight abdominal segments, ninth sternum, legs, and pygidium 
clothed with rigid ' or soft sete; rest of body glabrous with few, thin hairs. 

Cranium rounded (PI. 1, B), nutant, exserted, three-fifths as long as wide (from 
epistomal margin (¢pt) to moe ny foramen), broadest medianly, dorsally somewhat 
convex. Anterior frontal angle (fa) rounded. Frons (f) three-fourths length of 





* Description and Plates 1 and 2, by R. A. St. George. 
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cranium, a little wider than long with extreme width anteriorly; side margin convex. 
Epicranial halves (epc) meeting dorsally; epicranial suture one-fourth length of cra- 
nium; ventrally the halves are separated by the gula (Pl. 1, I, gu); dorsally with a 
few, laterally and ventrally with numerous thin sete. Gula distinct, coriaceous, 
subquadrate, with tentorial pits (1p) just below middle of side margins. Clypeus 
(Pl. 1, B, cl) trapezoidal, widest posteriorly, length to extreme width as 1 to 4, medi- 
anly with slight transverse ridge, each side with two well-developed setz near lateral 
margin; side margins of anterior half testaceous, rest membranous; ior half with 
side margins testaceous, rest castaneous-testaceous. Labrum (/ab) well developed, 
movable, transversely rectangular, almost three times as wide as long, anterior half 
membranous, posterior half castaneous-testaceous; anterior margin broadly emarginate, 
anterior corners strongly rounded; medianly also along lateral and frontal margins with 
slight deepening; disk on each half usually with a median transverse series of three or 
four sete; along the side and frontal margins are about eight much longer and thinner 
sete, with a few smaller ones between them; behind those along the anterior corner, 
but on the ventral side of labrum, may be two to three parallel series of shorter, stronger, 
somewhat curved sete (Pl. 1, A).© Ophthalmic spots absent. Antenna closely be- 
hind the mandible, attached to distinctly colored rim below dorsal mandibular fossa; 
basal antennal membrane well developed, posterior part somewhat corneous; three 
articles; basal article subcylindrical, about as long as labrum, second article as long as 
basal, more clavate; apical article very small, cylindrical, bearing a few tactile hairs 
at apex; no supplementary appendix beside the apical article. Mandibles of right and 
left side differing in shape; both apically bifid (Pl. 1, E, G, a’, a*), each with one 
tooth (#) between apex and molar part (m); tooth of right mandible, however, prominent 
and placed near apex, that of left less developed and placed close to molar part; 
molar part of right mandible with bituberculate crown, that of left mandible with 
hollow crown; ventrally with cutting part deeply excavated, several soft sete placed 
closely together near base, halfway between condyle and molar part; exterior surface 
(“back of the mandible’’) distally with a slightly carinate margin (c), proximally 
with a soft skinned, whitish swelling (s) mostly on dorsal surface; three strong sete 
from anterior portion of swelling and three or four from posterior; portion opposite 
molar part and below whitish swelling excavated (e), with several small, soft sete 
near ventral mandibular condyle; dorsal surface of mandible somewhat flattened. 
Maxilla dorsally completely covered by mandible, coriaceous (Pl. 1, I); palpus sur- 
mounting mala (ma) with one-fourth of its own length; maxillary palpiger (pag) 
small, ring-shaped; three articles; basal article somewhat clavate, slightly shorter than 
that of labial palpus; second article a little longer than basal, subcyclindrical, bearing 
a thin seta near apex on outer side; apical article half as long and thick as second, 
conical, apically covered with tactile hairs; mala on dorsal (buccal) surface (Pl. 1, 
D, ma) conical, a series of well-developed, somewhat curved sete extending right back 
of and parallel to inner margin and a co ding series along inner margin, rest of 
surface clothed with many thin sete; a on ventral (exterior) surface apically 
bearing one or two fine hairs (Pl. 1, I, ma); stipes (sti) fused with mala; base of stipes 
(bs) near articulation of cardo, short, bearing a few thin sete; proximal half of inner 
margin (is,) of stipes connected with maxillary articulating area (ar), distal half 
(is,), right behind mala, free, bearing a few short, weak sete; just below palpiger and 
along exterior margin many long, thin sete; cardo (ca) about as long as maxillary 
pelpus, entire, adjacent to curved hypostomal thickening (hy?) which lies between 
ossa for ventral mandibular condyle ( {m) and fossa for tip of cardo (fc); inner margin 
of cardo near center with an indication of fusion with maxillary articulating area, 
a margin bearing a few short hairs. Maxillary articulating area (ar) protu- 

t, divided into halves; exterior half connected with maxilla, subdivided into 
an upper and lower portion, an oval elevation arising from upper portion, lower portion 
again divided in two and coriaceous, its exterior part connected with cardo, without 
sete; interior half connected with submentum, entire, without sete. Submentum 
(sm) coriaceous, trapezoidal, broadest posteriorly; side margins slightly concave 
and adjacent to maxillary articulating area; surface ing numerous long, thin 
sete medianly. Mentum (me) coriaceous, subquadrate, slightly wider anteriorly, 
side margins free; surface bearing a few long, thin sete. The two stipites labii (si/a) 
fused into a slightly chitinized unit carrying on each side a few short hairs; labial 
palpus about as long as stipites labii; two articles; basal article cylindrical; apical 
article conical, shorter than basal article, apically covered with tactile hairs; ligula (PI. 
1, D, 4) small, narrow, conical, with a terminal pair of sete; on buccal surface a 
parallel longitudinal series of thin sete. Hypopharyngeal sclerite (Pl. 1, F. H, hsc) 











: ° The size and arrangement of these seta vary on opposite corners of the same specimen and on different 
pecimens. 
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supported above hypopharyngeal bracon (hbr) by a chitinous plate from which it 
extends; elongate, subrectangular, somewhat rounded at base, projecting, strong, 
heavily chitinized; anteriorly tricuspidate; disk excavate with a slight swelli 
posteriorly. ‘The hypopharyngeal bracon is a well-developed rod in the buccal mem- 
brane between the ventral mandibular articulations and the hypopharyngeal region; 
in the latter region the rod is heavily chitinized, near the former region slightly mem. 
branous. Epipharynx (Pl. 1, A, eph) forming the buccal surface of labrum, soft- 
skinned, with posterior, transverse, broad, sinuous, chitinous band that carries one 
pair of stublike, sharp teeth; on soft-skinned part anteriorly to these teeth a pair of 
tiny hooks; near anterior margin and below transverse chitinous band many scattered 
ring-shaped punctures. 

Legs well developed, surrounded at base by a large articulating area (PI. 2, E, ar). 
Prothoracic legs considerably stronger than those of mesothorax and metathorax. 
Articulating area laterally with a few (three or four) short hairs. Coxe (Pl. 2, D, F, 
cox) of first pair attached so closely together that they are nearly contiguous at base, 
nearly as long as wide, coriaceous; many fine scattered hairs on exterior and interior 
surfaces; trochanter (tr) about as long as coxa, anterior face (Pl. 2, D) slightly coriaceous, 
posterior face (Pl. 2, F) membranous, on inner side distally with two spinelike sete 
arising froma platelike callous wart, also a few thin hairs; femur (fe) as long and about 
as wide as coxa, anterior face coriaceous, usually armed with six or seven large spine- 
like setze and two to three thinner sete, also with many scattered hairs; tibia (ti) 
nearly as long as femur and about half as thick, with anterior face coriaceous, distally 
usually armed with five or six spinelike sete and two to three more slender sete, also 
many scattered hairs; tarsus (¢a) about as long as tibia, falcate, — but rather slender, 
surface facing backwards, excavate, basal portion enlarged, gradually narrowing to 
apex; on posterior tarsal side with round, rather soft-skinned region which bears 
distally, at base of excavation on either side, a strong chitinous seta. Second (PI. 2, 
D, F) and third pairs of legs inserted farther apart, much more slender and anterior 
faces less coriaceous than the first pair; the arrangement of setze and proportion of the 
articles vary somewhat from those of the first pair, but the two pairs are themselves 
alike. Coxa (cox) about twice as long as wide, with many scattered hairs except on 
exterior surface ; trochanter (tr) about half as long and half as wide as coxa, distally with 
two spinelike setz, also with afew other thin hairs; femur ( fe) as wide as, but not quite 
twice as long as trochanter, armed, usually, with five chitinous spines, posterior face 
apically with two spinelike sete, exterior surface with many fine scattered hairs; 
tibia (ti) about as long as but somewhat narrower than trochanter, usually armed with 
four chitinous sete, posterior face with two spinelike sete, exterior surface with very 
few scattered hairs; tarsus (ta) a little shorter than tibia, slender, surface facing back- 
wards excavate, basal portion similar to tarsus of prothoracic leg. 

Ventral intersegmental region between head and prothorax joined by slightly 
chitinous presternal area (Pl. 2, E, y) with two minute sete each side and a slightly 
chitinized subconical area (peu) with two minute sete which partly separate the pre- 
sternal area and form the preeusternal subdivision of the eusternum; this joint region 
much wider than gula. Ventral intersegmental region between prothorax and meso- 
thorax, and between mesothorax and metathorax, distinct, membranous, composed of 
poststernellar, preepipleural, and presternal areas. 

Prothoracic eusternum (Pl. 2, E, ew) large, trapezoidal; the prehypopleural chitini- 
zations (h, and h,), and especially the prehypopleural chitinization h,, large and strong, 
internally adjacent to ventral intersegmental region; sternellar region (stl) behind 
front legs, almost fused with eusternum, forming together a clepsydra-shaped region; 

tsternellum (z) transverse, somewhat spindle-shaped; prothoracic tergal shield 
fie) transverse, subquadrate, with anterior and posterior margins as mentioned above; 
right back of anterior margin as also near posterior margin a transverse series of setz, 
usually composed of three sete anteriorly and four posteriorly on each side; lateral 
margin with a few thin sete, grouped mostly anteriorly and posteriorly. 

Mesothorax and metathorax with large eusternal region; no separation of a pre- 
eusternal subdivision indicated, as in other forms such as Merinus laevis Oliv.’ 
sternal areas (Pl. 2, E, y) distinct, subtriangular, anteriorly slightly chitinized, bear- 
ing two sete adjacent to poststernellum (z) of the preceding segment which has a few 
short hairs; pri leural chitinization (h,) well developed, bearing many small 
sete; hypopleural chitinization (h,) very small, not to be confused with adjacent 
oval chitinizations in articulating skin of leg; coxe rather distant; poststernellum of 
metathorax not present; preepipleurum of mesothorax and metathorax (e,) subtriangu- 





7 Although no separation of a preeusternal region is indicated, the areas correspond to those in Merinus 
laevis in which such a division is indicated. In this comnection it may be pointed out that no well devel- 


oped presternum is present in Merinus laevis as is in this form. 
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lar, the former carrying first thoracic spiracle, the latter the rudimentary second tho- 
racic spiracle; epipleurum (e) of both segments well developed, lobe somewhat promi- 
nent and bearing a few sete, more or less fused with the corresponding preepipleura; 
postepipleurum, (@,) triangular; mesothoracic.and metathoracic tergal shields (ie) 
transverse, subrectangular, about three times as wide as long,® right behind anterior 
margin with a dark transverse line;* posterior margin darker than rest of seg- 
ment, longitudinally finely striated, sete arranged as on protergum. The typical 
abdominal segments with fused sternal areas (ster) covered by a single transversely 
rectangular shield, posteriorly darker, with band longitudinally striated; sete on first 
seven terga with two transverse series, the anterior of these usually having four sete 
on each side and posteriorly two; on eighth tergum the setz arranged similarly anteriorly, 
posteriorly with three on each side; sternum of first abdominal segment anteriorly 
densely set with sete; a few extending along lateral margin, similar arrangement lack- 
ing on other abdominal segments; posteriorly with two short sete on each side; hypo- 
pleural region (hy) indistinct, epipleural region (ep) narrow, adjacent to tergal shield, 
anteriorly, on first abdominal segment, with from one to four small sete, on rest of seg- 
ments a single seta only; tergal shield (ter) laterally carrying spiracle, above which is a 
dark line; second and third sterna usually with three or four short sete grouped to- 
gether, near which is a long, thin seta anteriorly on each side and posteriorly with two 
long, thin sete on each side. Sternum of third to eighth segments usually with two 
sete anteriorly and two posteriorly near lateral margins; sternum of eighth segment 
with sete arranged anteriorly as on third to eighth, posteriorly with several small setze 
atranged in a transverse series along margin, first six abdominal segments transverse, 
seventh and eighth subquadrate. 

Ninth abdominal segment smaller than preceding segment, coriaceous, with dorsal 
part or pygidium conically produced (Pl. 1, C; Pl. 2, A, G, H), above somewhat 
concave, below broadly convex, with apex pointing upward, mucronate; apex slightly 
chitinized, on each side with a short spinelike seta; lateral margin set with a series '” 
of strong, short, spinelike sete, below which are many soft hairs; near anterior margin 
a transverse series of short hairs, back of which is a transverse series of longer, thin 
hairs, and posteriorly a few sete; convex surface with scattered fine sete; ventral 
part of ninth segment small, transverse, soft, with many short sete. Tenth segment 
separated from ninth above and below by articulating membrane. Tenth abdominal 
(anal) segment (PI. 2, A, H) small, with upper and lower transverse anal lips, the lower 
lip on each side with conical and, except at tip, setose ambulatory papilla. Spiracles 
(Pl. 2, B) annular, broadly oval, transversely placed; opening linear, unprotected by 
hairs, at bottom of cup-shaped peritreme. 


The foregoing description conforms with Dr. A. G. Béving’s (30, p. 
326-3209, pl. 31, 32) description of the larva of Embaphion muricatum, 
with which it is closely related. The following characters of the larva 
of Embaphion, however, will separate the two species. 


Pygidium pointing upward, subconically produced, above somewhat flattened, 
apex obtuse, lateral margin with a series of strong, short sete; whole surface with 
fine scattered sete; whitish swelling on back of mandible, opposite the molar part, 
with three to four strong sete from the anterior portion, two from the erior; ventral 
intersegmental region between head and thorax about the width of gula,"' with 
two minute soft sete on each side of the slightly chitinous presternal area; two trans- 
verse ophthalmic spots present just behind antenna; ligula on buccal surface not setose ; 
disk on each half of labrum with median transverse series of five large sete and an 
anterior series of three long, thin, and straight sete; right behind these but on ventral 
side of labrum another series of four shorter, stronger, and curved sete; femur and 
tibia of prothoracic leg each usually armed with fine spinelike sete. 





® Because the tergum is so convex the proportions in the figure do not quite agree with the text. 

® This line is not as well developed on the metathorax and may even be lacking. 

‘© There are usually from 9 to 11 sete on each margin. Because they differ somewhat in number in various 
specimens, and sometimes on opposite sides of the same specimen, they do not offer very reliable characters. 

"This character will separate Embaphion from all Eleodes larve as represented in the United States 
National Museum Collection, which consists of the following material given to the Museum by the senior 
author: Eleodes acuticauda Lec.; E. carbonaria (Say), E. extricata (Say), E. fusiformis Lec., E. hispilabris 
{ge7} E. longicollis Lec., E. opaca (Say), E. obscura (Say), E. obsoleta (Say), E. sponsa Lec., and E. tricostata 

iy). 
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PUPA (FIG. 2) 


When first formed the pupa is opaque white, but after a short time the eyes becom 
visible and the thoracic ae become more distinct and take on a pale cream 
color. No other notable change takes place until the time for emergence. Just 
prior to emergence the elytra and thorax become yellowish brown. Pupa dorsally 
acute, ventrally somewhat flattened. Head pressed to prosternum. Pronotum 
rather broad and protruding above the head so as to make the head nearly invisible 
from above. Caudal segment bearing a pair of thick fleshy spinelike lobes directed 
posteriorly. Between dorsal and pleural ab. 
dominal plates an irregular deep depression 
forming a distinct submarginal groove. Pleu- 
ral margin of abdominal segments bearing ir. 
regular semicrescentic plates each having tu. 
berculiform bristles in fanlike arrangement, 
Head, antenne, and legsfree. Body smooth, 
There is considerable variation in size. Ap- 
"proximate average length 23 millimeters, width 
8.5 millimeters. 


ADULT (FIG. 3) 


The following description is taken 
from Blaisdell (3, p. 199-202, pl. 1, fig. 
19): 


Oblong, more or less strongly elongate, dor- 
sum flattened and slightly concave, black, 
frequently with a broad reddish band me 
the elytral suture, epipleure often ting 
with the same color. 

Head a little less than twice as wide as long, 
2 avai) Laps, and scarcely agree as wide as the comes 
1G. 2.—Pupa of Eleodes suturalis, dorsal view; surface plane to slightly convex, trequently 

of eal) al ena teen ee more or less impressed along the frontal su- 

"ture, sometimes transversely so between the 
eyes, and laterally within the moderately prominent sides of the frons, opaque, mod- 
erately, coarsely, irregularly, and densely punctate, usually with small impunctate 
areas. Antenne rather stout, scarcely reaching the prothoracic base; outer four 
joints slightly compressed and just perceptibly dilated; third joint about equal to 
the next two combined; fourth, distinctly longer than the fifth; the latter to the 
seventh, inclusive, subequal and slightly longer than wide; eighth, triangular and 
about as long as wide; ninth and tenth, suborbicular; eleventh, short ovate. 

Pronotum widest at the middle and about one-half wider than long; disc opaque, 
smooth, slightly convex, finely and sparsely punctate, with small impunctate areas 
about the center, frequently with irregular impressions; laterally longitudinally 
impressed from within the apical angles to a very short distance in advance of the 
basal angles, terminating in feeble basal impressions, the depressions are generally 
transversely rugulose; apex deeply emarginate and more or less obsoletely margined; 
sides broadly and more or less s ly reflexed, evenly arcuate or sometimes very 
feebly and broadly angulate at middle, slightly sinuate in front of the basal angles, 
marginal bead moderately coarse; base truncate and feebly trisinuate, distinctly 
margined, two-fifths to one-half wider than the apex; apical angles acute, sub- 
acuminate, prominent and more or less everted; b angles rectangular. 

Propleure opaque and smooth, very finely and sparsely to obsoletely, muricately 
punctate, more or less rugulose at times, and defined from the reflexed pronotal 
go by a longitudinal concavity. 

Elytra oblong, one-third to twice as long as wide and more or less opaque; base 
feebly emarginate, and about equal to the contiguous prothoracic base; humeri obtuse 
and not prominent, rounded beneath the basal angles of the pronotum; sides evenly 
arcuate to subparallel, apex scarcely to feebly produced; disc plane to slightly convex, 
very suddenly deflexed laterally, angle of deflexion forming an acute and moderately 
reflexed margin, which becomes obsolete a short distance before the apex, more of 
less suddenly obliquely declivous posteriorly ; surface sulcate, intervals feebly convex, 
each with a single series of rather distantly placed punctures, the four inner sulci 
with but a single series of closely placed submuricate punctures, remaining sulci 
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with numerous closely and irregularly placed punctures, which become denser and 
rather more strongly muricate towards margin; apical declivity somewhat more 
strongly sulcate and scabrous; inflexed sides not convex, obsoletely sulcate, irregularly 
and muricately punctured. 

Epipleure moderately narrow, uncinately dilated beneath the humeri, and gradually 
narrowing to apex; surface usually more or less obsoletely punctate. 

Sterna and parapleure more or less obsoletely or strongly punctate and rugulose. 

Abdomen finely and more or less sparsely, obsoletely punctate and rugulose. 

Legs moderate. Anterior femora armed in the sexes; protibial spurs and protarsi 
nearly alike in the sexes, the spurs are quite strongly divergent. The first joint of 
the protarsi is more or less thickened and slightly produced at apex beneath, bearing 
a tuft of yellowish pubescence. 

Male.—About twice as long as wide. . Antenne scarcely reaching to the basal in 
of the prothorax. Elytra moderately, suddenly, and obliquely declivous posteriorly; 
apex slightly acuminate. Abdomen slightly oblique, moderately convex, broadly 
impressed on the first two segments. Anterior femora with an acute tooth about one- 
fourth distance from the apex; posterior spur of the protibize apparently a little longer 
and slightly stouter than the anterior, frequently they appear to be quite equal in 
length, both are rather stout and acute; first joint of the protarsi with the produced 
tip beneath rather thick and bearing a small obtuse tuft of modified spinules, groove 
not evident. 

Female.—Less than twice aslong as wide. Antenne reaching toabout the posterior 
fifth of the prothorax. Elytra quite suddenly obliquely or vertically declivous poste- 
riorly. Apex obtuse. Abdomen horizontal, evenly and strongly convex. Anterior 
femora with a small obtuse tooth, sometimes scarcely more than sinuate in outer fourth; 
oo spur of the protibie a 
ittle longer and stouter than the 
anterior, both are acute, moder- 
ately thick, and gradually nar- 
rowed from the base; first joint of 
the protarsi slightly and trans- 
versely produced at tip beneath, 
bearing a transverse tuft of spi- 
nules, which is more or less acute, 
groove more or less obsolete. 

The male genital characters do 
not apparently show any racial 
differentiation. 

Male.—Edeagophore of the 
usual oblong-ovate form. 

Basale oblong, scarcely arched, 
and may be sparsely punctate 
laterally at apex. 

Apicale rather broadly triangu- 
lar, moderately depressed, sur- 
face more strongly convex api- 
cally, with a median membranous 
groove in apical half; sides rather 
straight to slightly arcuate; apex 
scarcely produced and more or 
less deflexed, subacute; base 
broadly lobed at middle, and sin- 
uate laterally. 

Sternite transverse. Each lobe 
with the external border more or 
less evenly arcuate, and the inter- 
nal short and straight to feebly arcuate, with apex rounded; surface densely punctate 
and setose in apical two-thirds, setae quite long and not extending upon the membrane 
across the sinus; the latter nearly closed by the same. The lobes internally at base 
and cephalad to the sinus are rendered semicircularly sinuate by an interlobar trans- 
versely oval membranous area, the membrane of which is frequently transversely 
rugose. 





Fic. 3.—Adult of Eleodes suturalis, dorsal view. 
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LIFE HISTORY AND DEVELOPMENT 


The insect hibernates in the adult stage beneath piles of rubbish, grass, 
weeds, and refuse, or buried in soft sandy soil, and in the burrows of smal} 
mammals; it also hibernates in the larval stage, buried deeply in the soil, 
In the latitude of southern Kansas the adult is abroad in the fields depos. 
iting eggs in early spring, and is present in the fields until late November, 
Some of the adults have been known to live two or three years. The egg is 
deposited in soft loose soil at a depth of about three-fourths of an inch to 
1inch. Frequently from 10 to 60 eggs are found ina single nest. The egg 
hatches in from 8 to 10 days, depending on the moisture and temperature, 
and the young larva a short time thereafter begins to feed very actively 
upon vegetable tissue and roots in the soil. Where development occurs 
under favorable weather conditions and with adequate food supply, the 
larva grows rapidly, reaches maturity, and enters the pupal stage in about 
110 to 130 days, though this period may be accelerated or prolonged by 
abnormal conditions. The pupal stage continues for a period varying 
from 10 to 22 days, during which time the insect is comparatively mo- 
tionless in an earthen cell at a depth of about 3 inches in the soil and takes 
no food, and at the end of this period transformation to the adult stage 
occurs. This adult in turn often produces another generation of larve 
in late summer. Such larve when about half grown (and at a depth of 
about 2 to 5 inches in the soil at wheat-seeding time) reach their period of 
greatest destructiveness about the time the newly sown fall wheat is 
coming through the ground. Numbers of the larve of this generation 
usually overwinter as larve at considerable depths beneath the ground or 
in loose soil beneath refuse. Some of these larve have been found in No- 
vember at a depth of 7 inches and in December at a depth of 14 inches 
in the soil. It should be noted that there is considerable overlapping of 
generations, hence larve of widely varying size often coexist in the same 
field. 

The newly hatched larva does not immediately become active but 
remains for a little while in the soil, at the place where the egg was 
hatched and in the cavity formerly occupied by it. The toughness of the 
eggshell is indicated by the fact that the empty shell retains its shape 
for some time after the larva has emerged therefrom. The integument 
of the newly hatched larva is rather tender but nevertheless enables it 
to survive rather rough handling. When newly hatched the larva 
averages 2.5 millimeters in length and about 0.3 millimeter in width, 
and is semiopaque white. The general proportions of the newly hatched 
larva do not vary to any noticeable degree from those of the older larva, 
but there is an occasional slight variation in size. The larva begins to 
feed lightly not long after hatching, and appears to grow with greatest 
rapidity during the first three or four weeks, as it more than doubles in 
size during this period. Following the second molt the rate of growth 
becomes less marked. Larve invariably are present in infested fields in 
greatest numbers in the vicinity of straw stacks, or in the absence of 
these, in the neighborhood of or beneath scattered bundles of grain 
which contain such a large percentage of weeds that they have been 
discarded and left behind by the harvesters. It has been repeatedly 
noticed that the infestation in many fields invariably appears to originate 
and spread from such straw stacks and is always more severe in their 
vicinity. In fields not sown to wheat the larve are not found scattered 
generally over the field but are usually grouped in numbers in the soil 
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around straw or grain stacks or other shelters, and have been found in 
the moist soil far under such straw stacks beneath a layer of straw 
5 feet in depth. In fields recently sown to wheat they are usually 
disseminated irregularly over the field, but are in greatest numbers near 
the shelters, and are sometimes in such abundance that as many as 
265 larve of this and related species have been found in three adjacent 
drill rows within 3 linear feet. 

Cannibalism is rather common, both under artificial rearing and under 
normal field conditions, and where the larve are abundant in a field it is 
not uncommon to find numbers of partly devoured larve here and there 
at the spots of their greatest activity. This is most noticeable, however, 
under field conditions during the early period soon after germination of 
the grain, when the larve are most busily feeding and where conditions 
may be such as to produce crowding. Under average field conditions 
sufficient numbers of larve are not destroyed in this way, however, to 
render cannibalism a factor of value from an economic standpoint, as this 
larva is normally phytophagous. The larva appears sensitive to dis- 
turbance of any kind. If touched it will often feign death and remain 
motionless for a time before attempting to escape. If taken between 
the fingers, the pressure sufficient to hold it causes it to make the most 
frantic efforts to escape, and it twists and wriggles its body with greatest 
activity into almost every possible position, ejecting quantities of a 
colorless fluid apparently from between its dorsal segments. Presumably 
this fluid is defensive or repulsive and is one of its means of protection 
from birds and other enemies of similar feeding habits. 

The larva, being very quick and active, can move easily over smooth 
surfaces and bury itself in the loose soil with greatest ease. It is able 
also to penetrate compact soil with little apparent difficulty, since it has 
been found working in ground of considerable hardness at a depth of 
2 inches, but if the soil be fairly loose, its friableness and dryness appear 
to facilitate larval movements. When very young it is unable to survive 
long in perfectly dry earth, but as it becomes larger it does not appear 
to be greatly affected by this condition, although it prefers slightly moist 
soil. The larva is keenly susceptible to an overabundance of moisture 
and often comes to the surface of the ground and remains there for several 
hours following hard, dashing rains. It is negatively phototrophic and 
when exposed to light hides with the utmost rapidity under any shelter 
it can find. When artificially confined in a Petri dish, it soon crawled 
beneath the layers » filter paper or blotting paper at the bottom of the 
vessel. 

When ready to molt the larva remains comparatively motionless for 
some time before the skin splits and it is able to free itself therefrom. 
Molting occurs in its channels, and wriggling from its exuvia, the larva 
remains comparatively inactive for a short time until the new skin 
has hardened somewhat. Considerable difficulty was experienced in 
obtaining the length of instars, as it was necessary to do this under 
laboratory conditions, and a number of types of cages were tried and 
discarded before one suitable ior the purpose could be evolved. The 
irregularity in time of molting, the proper regulation of food and mois- 
ture, and the difficulty of finding the exuvie in the cage also added to 
the complexity of the problem, and many hundreds of larve died in 
various forms of cages and through a variety of causes before the desired 
information could be obtained. The type of cage from use of which 
satisfactory data at last were secured consisted of a 2-ounce, seamless, 








560 Journal of Agricultural Research Vol. XXVI, No. tt 





tin salve box, in which was placed a one-fourth inch layer of plaster of 
Paris, covered by a thick coating of India ink, and a small disk of dark. 
colored blotting paper slightly smaller than the diameter of the box. 
The newly hatched larva when isolated in such a cage, having the plaster 
of Paris slightly moistened, and with split wheat grains for food, appeared 
to thrive normally to pupation at an even temperature of about 60° F, 
as long as the moisture therein could be kept properly regulated. Curi- 
ously enough, soil in the cage was not an absolute essential. It was 
found that normally there are six instars. The length of these instars, 
according to records made daily from observations upon the survivors 
of 50 isolated specimens, averaged as follows: From hatching to first 
molt, about 6 days; from first to second molt, about 10 days; from 
second to third molt, about 21 days; from third to fourth molt, about 
26 days; from fourth to fifth molt, about 14 days; from fifth to sixth 
molt, about 27 days; from sixth molt to pupation, about 18 days. 
It was found, however, that the length of the period between instars was 
often prolonged because of temperature, hibernation, moisture, quantity 
of food, and other like factors. 

Many of the larve in the field reach the fourth or fifth instar during 
late fall and overwinter in that condition. During this period they 
penetrate to considerable depths in the soil, feed but little, and are com- 
paratively inactive. Commencing early in March, if the spring is a 
normal one, they feed until ready to pupate. Just before pupation the 
larva prepares its earthen cell and enters upon a semiquiescent stage 
which continues from 4 to 1o days. 

The period of pupation lasts for approximately 17 days, after which 
the adult emerges. It is comparatively inactive for a short time after 
this until its chitin has turned from pale brown to black and has become 
harder. ‘The recently emerged adult is always brighter and has a deeper 
gloss than an older one. Mating most frequently takes place about 6 
or 7 days after issuance from pupation, and egg laying begins about 20 
to 22 days thereafter. There is seldom much variation in the method of 
oviposition; the female burrows into the soil to a depth of approximately 
three-fourths to 1 inch, loosens up a tiny area of soil, and at intervals 
deposits there the eggs in bunches consisting of two or three to several 
dozen, within an area having a diameter of not more than 2 inches. The 
average number deposited by a series of roo females, from which count 
was kept, was 108 eggs, while the maximum number deposited by a single 
female within this series was 335 eggs. When disturbed, the adult has a 
curious habit, common to other species of this group, of standing still, 
placing its head to the ground, and tilting upward the posterior portion 
of its body until it appears fairly to stand upon its head, and it 
remains motionless in that position for several minutes. By and by, if 
not further disturbed, it resumes its normal position and continues its 
activities. If sufficiently annoyed, it ejects in a lateral direction from 
anal glands a strong astringent fluid having a highly offensive odor and 
evidently protective in function. Gissler (70) in 1879, in discussion of 
another species of Eleodes of similar habits, first described this secretion 
and the glands from which it is ejected. 

The adult, being crepuscular, reaches its period of greatest activity 
during the cooler portion of the day, in early morning, in late evening, or 
during twilight hours, and like other nocturnal insects is not noticeable 
in fields during the brighter, warmer hours of the day except when 
deliberate search is made for it. It may then be found under grain 
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bundles, shocks, and edges of stacks, in burrows of small mammals, 
beneath piles of manure and dried Russian thistles, along fence rows, 
or beneath other convenient shade or cover. The adult does not crawl up 
into such bundles or shocks to any noticeable degree, but remains on the 
ground beneath them, and appears to prefer shocks or bundles which 
have settled rather closely to the ground instead of those resting lightly 
upon the stubble. It also selects for shelter the old dried piles of weeds 
and trash rather than fresh, green, newly cut piles of such débris. The 
amount of excrement present with the adult when found indicates that 
it often remains for a considerable period in the same spot. It also has 
been noted that an adult is occasionally present at night beneath street 
lights in towns within the infested areas, but it is not attracted to lights 
in large numbers. Webster (32, p. 32) in 1912 stated that an adult of 
Eleodes suturalis was observed devouring chinch bugs (Blissus leucopterus 
Say) at Wellington, Kans. D. J. Caffrey in 1915, while conducting a 
series of observations relating to insects predacious upon the New Mexico 
range caterpillar (Hemileuca oliviae Ckll.) noted that adults of Eleodes 
suturalis would not feed upon dead Hemileuca larve. 

At the approach of cold weather in late fall the adult seeks a hibernating 
place, usually beneath the rubbish previously used as shade and cover, 
and there it often penetrates to a considerable depth in the soil. It is 
probable that little or no food is taken during hibernation, and at such 
times, when an adult has been dug out or uncovered, it seems to be in a 
semidormant condition, and even after being taken into a warm room 
does not resume its normal activity for some hours. If kept out of 
hibernation and subjected to winter weather it speedily perishes. 


NATURAL ENEMIES 





Swenk (27, p. 335-336) in 1909 and McColloch (19, p. rgz) in 1919 
recorded that they experienced more or less difficulty in conducting suc- 


of & cessful rearings of false wireworms because of the presence of what was 
ly 9 presumably a bacterial disease of the larve. A disease similar to that 
ris @ discussed by them also was encountered by the writer in rearing work 
ral With Eleodes suturalis. The presence of this upon a larva would first be 
he noticed in the form of one or more small, irregular, reddish-brown spots 
nt § on the thoracic and abdominal segments, and these spots usually would 
gle become larger in area until the death of the larva. Ina number of in- 
3a jm stances it appeared to cause the death of the larva without having in- 


creased appreciably in size; at other times it would become larger until 
it encircled the body, and the larva notwithstanding would remain alive 
and reach the adult stage apparently without serious inconvenience; 
normally, however, the spot increased steadily in diameter and in doing 
so sooner or later caused the death of the larva. Presumably the disease 
was capable of spreading to other larve, for healthy larve, when placed 
with sick ones, frequently contracted the disease, though the customary 


of @ isolation of the larve in individual cages probably was responsible for 
ion § Preventing its general spread. 

The larva, while under laboratory conditions, occasionally was at- 
rity j tacked by fungi, notably Sporotrichum globuliferwm Speg. and Metarr- 
or tztwm anisopliae Metschn. McColloch (19, p. 191) also noted the 
‘ble Presence of fungi, presumably of these species, in his rearing work. 
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If the cage containing the larva was not sterilized regularly and care- 
fully various species of tiny soil mites (Acarina) occasionally would be 
present in scattering numbers. 

A number of insects may be associated under normal field conditions 
with the larval and adult stages of this species and thus far a few of 
these, notably the larvee of a species of Calosoma, of Harpalus caliginosus 
Fab., and of an undetermined species of robber-fly of the genus Erax, 
are known to attack Eleodes suturalis larve. Various species of field 
mice, snakes, frogs, spiders, and centipedes also frequently are associ- 
ated with the insect in varying numbers, but their presence usually 
does not appear seriously to disturb its activities. The pupa of E. 
suturalis sometimes has been attacked and killed by the ant Teira- 
morium caespitum \,., and the adult occasionally has been attacked by 
the ant Pogonomyrmex occidentalis Cress. The adult is freely eaten by 
chickens. ’ 

Barrows and Schwarz (1, p. 64) in 1895, in discussing food habits of 
the common crow, stated that the finding of some specimens of the genus 
Eleodes in a few stomachs of crows from Kansas and Nebraska leads 
them to the supposition that if a larger number of stomachs from that 
region could be examined, specimens of this and allied genera would 
be found well represented, and they add: 

These beetles, so characteristic of the fauna of the arid region of the West, fulfill 
most of the requirements of insect food preferred by the Crows; they are terrestrial, 
large, hard, and possess a strong, offensive odor. 

The records of the Bureau of Biological Survey of the United States 
Department of Agriculture show that birds of the following species have 
fed on beetles of the genus Eleodes, the fragments of which could not 
be specifically identified though it is probable that some of them have 
been E. suturalis Say: Crow, Corvus brachyrhynchos Brehm; hairy wood- 
pecker, Dryobates villosus L. (2, p. 15); sparrow hawk, Falco sparverius 
L.; road-runner, Geococcyx californianus Lesson; red-headed woodpecker, 
Melanerpes erythrocephalus L,.; mocking bird, Mimus polyglottos L.; sage 
thrasher, Oreoscoptes montanus Townsend; magpie, Pica pica hudsonia 
Sabine,robin ; Planesticus migratorius L.; purple grackle, Quiscalus quiscula 
hudsonia; Sabine, meadow lark, Sturnella magna L,.; Arkansas kingbird, 
Tyrannus verticalis Say ; yellow-headed blackbird, Xanthocephalus xantho- 
cephalus Bonaparte. 

The Bureau of Biological Survey has records of a number of other 
species of Eleodes which are preyed upon by birds. 

Riley (21, p. 432; 22) records rearing a parasite from an adult of 
Eleodes suturalis collected by C. E. Ward, Belvidere, Nebr., on April 27, 
which later was identified as Perilitus sp. The edges and corners of a 
cigar box in which the host beetle had been kept overnight were lined 
with the elliptical whitish cocoons of the parasite. Nearly three weeks 
elapsed between the time the larve left the host and the emergence of 
the parasites. A dissection of the beetle showed that most of the con- 
tents of its abdomen had been absorbed. Viereck (29, p. 561), in 1913, 
published a description of this species, naming it Perilitus eleodis (fig. 4), 
the type being reared from an adult of Eleodes suturalis collected at 
Argonia, Kans. The specimens formerly received from Belvidere, Nebr., 
are indicated as mostly stramineous. It was found that the species was 
closely related to Perilitus gastrophysae Ashmead— 


of which it may prove to be only a variety. 
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McColloch (18, p. 220) in 1918 reared a number of adults of Perilitus 
eleodis from Eleodes tricostata and fortunately secured considerable 
noteworthy information of value on the life history of the parasite. 
He also (19, p. 190) reared the same parasite from E. opaca Say. 

Several hundred specimens of Perilitus eleodis were reared at intervals 
from July 18 to October 22 from adults of Eleodes suiuralis. They 
issued as larve from the anal opening of the adult hosts and pupated as 
tiny silken cocoons occurring in clusters here and there over the bottom 
of the cages. These cocoons were sometimes attached to a portion of 
the cage walls and sometimes were matted together in the soil which 
had been placed in the cages to facilitate egg laying. ‘The adult parasites 
soon after emergence became active and moved about restlessly over the 
cages, and when present in cages containing host beetles would crawl 
about over them and 
attempt to oviposit 
promiscuously at any 
of the body sutures, 
usually on the ventral 
side. The beetle ap- 
peared to be in extreme 
fear of these parasites 
and would scramble 
around in greatest ex- 
citement as soon as one 
of them drew near. It 
would also make frantic 
efforts to push off the 
parasites when at- 
tacked by them. Upon 
finding a soft spot in 
which to place the egg, 
the rather long and 
upcurved ovipositor of , 
the adult parasite was _=_—s*F ic. 4.—Perilitus eleodis, a parasite of the adult of Eleodes suturalis: 
thrust through a suture gyeber py 
of the body wall of the beetle. Each beetle thus attacked was isolated 
for further parasites, but unfortunately in no instance were additional 
ones obtained. The beetles sometimes lived for several hours after the 
parasites issued. The maximum number of parasites secured from a 
single host individual was 121. Perilitus eleodis also was reared by the 
senior writer from adults of Eleodes hispilabris Say, E. obsoleta Say, E. 
iricostata Say, and E. extricata Say. 
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CONTROL MEASURES 


Extensive experiments conducted some years ago by Curtis (6, p. r70- 
178), Treat (28, p. 82), Ormerod (20, p. rr1—118), Weed (34, p. 213), 
Comstock and Slingerland (5, p. 199-250), and Forbes (8, p. 48-51) 
in attempting to find a remedy for true wireworms, afford clues in the 
search for control measures for this pest, for although these entomologists 
failed to find remedies which were in every way satisfactory, their work 
was of great value in pointing out the uselessness of several suggested 
schemes for avoiding crop injury by subterranean pests. Bearing in 
mind the suggestions embodied in the published records of their work, 
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the senior writer’s experiments for destruction of Eleodes suturalis 
were carried on along somewhat similar lines, though in a supplementary 
way without duplication of experimental work and with special reference 
to the habits of the species under consideration. Emphasis was placed on 
experiments for the protection of the planted seed, the destruction of the 
larva, and the destruction of the pupa and beetle. 

As the protection of the seed was deemed more especially desirable, 
much attention was given to this phase of inquiry. Wheat seed was 
treated with a great variety of preparations and then subjected to attack 
by the larva in the hope of finding some effective repellent or poison, 
but in every case these proved ineffective, for they not only failed to kill 
the larva, but, what was worse, they often retarded or entirely prevented 
the germination of the seed. Coating the seed or soaking it in solutions 
or preparations of tar, shellac, copperas, strychnine, cyanid of potassium, 
turpentine, kerosene, and similar substances all proved ineffective and 
of no practical value since either the cost was prohibitive or the larve 
devoured quantities of treated kernels and apparently experienced no ill 
effects therefrom. It is believed that in these experiments the imprac- 
ticability of all methods of this general character in attempting to protect 
the seed was fully demonstrated. 

In experiments relative to the destruction of the pupa and beetle it 
was found that all the various insecticides applied to the soil in hope of 
killing the insect infesting it proved ineffective if used in reasonable 
amounts. While it is true that some of these substances, such as crude 
petroleum or turpentine, will destroy the insect when used in large 
quantities, the amount and strength necessary to accomplish this result 
often was so great as to destroy all the vegetation in the infested areas, 
and, further, to render the cost of application over large areas prohibitive. 
It was also demonstrated that certain fertilizers may have a slight value 
as insecticides, though their principal merit appears to be in the stimulation 
of the growth of the pliant and insoildrainage. Salt, lime, crude potash, 
cyanide of potassium, and other substances likewise have been found im- 
practical since they either do not affect the larve at all, or to do so must 
be used in quantities so enormous that they either prove destructive to all 
vegetation or are tooexpensive. It wasfound that trapping the larva and 
the adult with baits of poisoned vegetables may have a possible value in 
intensive farming on small acreages, but it is impracticable with extensive 
acreages of winter wheat and with farming methods as practiced in the 
infested areas. At the period of their greatest abundance in summer, 
repeated experiments were performed in attempts to kill the adults with 
poisoned bran mash, using the standard formulas for grasshopper control, 
but the mortality caused by use of these baits was exceedingly small and 
would not warrant expectation of obtaining practical control by such 
means. Late fall or spring plowing would be very effective in turning 
up and destroying the pupa, but as the crop on the ground usually is 
winter wheat, the nature and condition of the host plant at that par- 
ticular time does not of course render such treatment at all practicable. 

The easiest and most effective control measure thus far indicated is 
the judicious rotation of wheat with other crops for two or more seasons, 
especially with corn or some other crop which may be regularly and 
frequently cultivated. Infestations are always much heavier where 
rotation has not been practiced. It is also highly desirable that all 
accumulations of rubbish, dead grass, matted weeds, old straw stacks, 
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old discarded bundles of mixed weeds and grass, and other shelter and 
hibernating quarters be burned or entirely removed. Especial emphasis 
should be placed on the burning of piles of dead Russian thistles, which 
at present are so common in fields and along the roadsides of farms in 
the central and western portion of the infested region. Although the 
scope of this paper does not permit detailed discussion of control measures 
for more than one species within this family, it is probable that effective 
control measures will be found not to differ greatly for most of the other 
related species of economic importance. 


LITERATURE CITED 


(1) Barrows, W. B., and ScHwarz, E. A. 
1895. THE COMMON CROW OF THE UNITED STATES. U. S. Dept. Agr. Div. 
Orn. & Mamm. Bul. 6, 98 p., 2 fig., front. 
(2) Beat, F. E. L. 
I91I. FOOD OF THE WOODPECKERS OF THE UNITED STATES. U.S. Dept. Agr. 
Biol. Surv. Bul. 37, 64 p., 3 fig., 6 pl. (1 col.). 
(3) BLAISDELL, F. E. 
1909. A MONOGRAPHIC REVISION OF THE COLEOPTERA BELONGING TO THE TENE- 
BRIONIDE TRIBE ELEODIINI INHABITING THE UNITED STATES, LOWER 
CALIFORNIA, AND ADJACENT ISLANDS. U. S. Nat. Mus. Bul. 63, xi, 
24 p., 8 fig., 13 pl. 
(4) Casey, T. i. 
1890. COLEOPTEROLOGICAL NOTICES, 11. Jn Ann. N. Y. Acad. Sci., v. 5, 
Pp. 307-504, pl. 4. 
(5) Comstock, J. H., and SLINGERLAND, M. V. 
1891. WIREWORMS. N. Y. Cornell Agr. Exp. Sta. Bul. 33, p. 191-272, fig. 1-21. 
(6) Curtis, John. 
1860. FARM INSECTS. ... 528 p., 69 fig., 16 pl. (col.). 
(7) EscuscHoutz, J. F. von. 
1829. ZOOLOGISCHER ATLAS, p. 8. 
(8) Forsgs, S. A. 
1894. EIGHTEENTH REPORT OF THE STATE ENTOMOLOGIST ON THE NOXIOUB 
= ue ae INSECTS OF THE STATE OF ILLINOIS. xi, 171, xiii p., 
15 pl. 
(9) GEBIEN, thas 
1910, COLEOPTERORUM CATALOGUS, PT. 22, TENEBRIONIDAE II, p. 167-354. 
(10) GissuER, C. F 
1879. ON THE REPUGNATORIAL GLANDS IN ELEODES. .]n Psyche, v. 2, no. 58, 
Pp. 209-210, fig. ro. 
(11) Horn, G. H. 
1870. REVISION OF THE TENEBRIONIDAEK OF AMERICA NORTH OF MEXICO. /n 
(12) Trans. Amer. Phil. Soc., v. 14, p. 253-404, pl. 14-15. 
12 





1874. DESCRIPTIONS OF NEW SPECIES OF UNITED STATES COLEOPTERA. In 
Trans. Amer. Ent. Soc., v. 5, p. 20-43. 
(13) Hunter, W. D., Pratt, F. C., and Mitcuety, J. D. 
1912. THE PRINCIPAL CACTUS INSECTS OF THE UNITED STATES. U. S. Dept. 
Agr. Bur. Ent. Bul 113, 71 p., 8 fig., 7 pl. 
(14) Hysuop, J. A. 
1912. THE FALSE WIREWORMS OF THE PACIFIC NORTHWEST. U. S. Dept. Agr. 
Bur. Ent. Bul. 95, pt. 5, p. 73-87, fig. 22-27. 
(15) Lacorparrg, J. T. 
1859. HISTOIRE NATURELLE DES INSECTES, GENERA DES COLEOPTERES 
v. 5, pt. 1, Atlas, 47 p., 134 col. pl. [1876?]. Paris. 
(16) Le Conrs, J. L. 
1858. NOTE ON THE SPECIES OF ELEODES FOUND WITHIN THE UNITED STATES 
(ay) In Proc. Acad. Nat. Sci. Phila., 1858, p. 180-188. 
17 





1859. DESCRIPTIONS OF SOME GENERA AND SPECIES OF COLEOPTERA FROM THE 
VICINITY OF THE SOUTHERN BOUNDARY OF THE UNITED STATES OF 
AMERICA. In Thomson, James. Arcana Naturae, p. 121-128, pl. 12-13. 





(18) 


(19) 


(20) 


(21) 


(22) 


(23) 


(24) 
(25) 


(26) 
(27) 
(28) 


(29) 


(30) 
(31) 
(32) 
(33) 


(34) 
(35) 


Journal of Agricultural Research Vol. XXVI, Ni 


McCottocu, J. W. F 
1918, NOTES ON FALSE WIREWORMS WITH ESPECIAL REFERENCE TO ELEOD 
TRICOSTATA SAY. In Jour. Econ. Ent., v. 11, p. 212-224, pl. 5. 


1919. ELEODES OPACA SAY, AN IMPORTANT ENEMY OF WHEAT IN THE GRBAP 
PLAINS AREA. In Jour. Econ. Ent., v. 12, p. 183-194, pl. 8. 
ORMEROD, E. A. 
1890. A MANUAL OF ews INSECTS WITH METHODS OF PREVENTION AND 
REMEDY ... Ed. 2, 410 p., illus. aa 
RiteEy, C. V. ¥; 
1891. THE HABITS AND LIFE-HISTORY OF DIABROTICA 12-PUNCTATA. (Abstract) | 
In U.S. Dept. Agr. Div. Ent., Insect Life, v. 3, p. 430-432. < 


1892. APROBABLE MICROGASTER PARASITE OF ELEODES IN THE IMAGO STATE,” 

In Proc. Ent. Soc. Wash., v. 2, p. 211. 
Say, THOMAS. 

1824-25. DESCRIPTIONS OF COLEOPTEROUS INSECTS COLLECTED IN THE LATE” 
EXPEDITION TO THE ROCKY MOUNTAINS, PERFORMED BY ORDER OF MR, 
CALHOUN, SECRETARY OF WAR, UNDER THE COMMAND OF MAJOR LONG, 
In Jour. Acad. Nat. Sci. Phila., v. 3, p. 139-216, 238-282, 298-331, | 
403-462; V. 4, p. 83-99. 


1824. AMERICAN ENTOMOLOGY. v.1. Philadelphia. 


1859. THE COMPLETE WRITINGS OF THOMAS SAY ON THE ENTOMOLOGY OF NORTH 
AMERICA (Le Conteed.). v.21. New York. 
Snow, F. H. 
1878. THE INSECTS OF WALLACE COUNTY, KANSAS. In Trans. Kans. Acad. Sci, 
1877-8, v. 6, p. 61-70. 
SWENK, M. H. 
1909. ELEODES AS AN ENEMY OF PLANTED GRAIN. In Jour. Econ. Ent., v. a, 
P- 332-338, pl. g-10. 
TREAT, Mary. 
1882. INJURIOUS INSECTS OF THE FARM AND GARDEN. 288 p., 163 fig. New 
York. : 
VIERECK, H. L. 
1913. DESCRIPTION OF TEN NEW GENERA AND TWENTY-THREE NEW SPECIES OF 
ICHNEUMON-FLIES. In Proc. U. S. Nat. Mus., v. 44, no. 1968, pi 
555-568. 
WADE, J. 5S. 
1921. NOTES ON ECOLOGY OF INJURIOUS TENEBRIONIDAE (COL.). Jn Ent. 
News, v. 32, p. 1-6. 


1921. BIOLOGY OF EMBAPHION MURICATUM. In Jour. Agr. Research, v. 22, 
P- 323-334, 3 fig., pl. 31-32 
WEBSTER, F. M. 
1912. PRELIMINARY REPORT ON THE ALFALFA WEEVIL. U.S. Dept. Agr. Bur, 
Ent. Bul. 112, 47 p., 27 fig., 13 pl. 
1915. IMPORTANCE OF OBSERVATIONS ON APPARENTLY UNIMPORTANT INSECTS, 
In Canad. Ent., v. 47, p. 69-73. 
WEED, C. M. 
1891. INSECTS AND INSECTICIDES. 282 p., 143 fig.,7 pl. Hanover, N. H. 
WickuaM, H. F. 
1890. REMARKS ON SOME WESTERN TENEBRIONIDAE. In Ent. Amer., v. 6, no, 
5, p. 83-88. 


ELEODESINIOWA. In Proc. Iowa Acad. Sci., v. 7 (1899), p. 59-60. 


1902. A CATALOGUE OF THE COLEOPTERA OF COLORADO. In Bul. Lab. Nat. 
Hist. State Univ. Iowa, v. 5, no. 3, p. 217-310. 


I9II. A LIST OF THE COLEOPTERA OF IOWA. In Bul. Lab. Nat. Hist. State Univ. 
Iowa, v. 6, no. 2, p. 1-40. 











PLATE 1 


Eleodes suturalis 


A.—Epipharynx (eph) and anterior margin of labrum of larva. 

B.—Head of larva from above: Jab, labrum; cl, clypeus; fa, anterior angle of front; 
epi, epistoma; f, frons; epc, epicranium. 

C.—Lateral view of larva. 

D.—Maxille and ligula of larva seen from buccal cavity: ma, mala; li, buccal 
surface of ligula. 

E, G.—Dorsal side of left mandible of larva and ventral side of right, respectively: 
a' and a,” bicuspidate apex; ¢, tooth of cutting edge; m, molar part; c, carinate 
edge on exterior side of cutting part of mandible; s, soft-skinned, seta-bearing cleva- 
- below carinate edge; e, excavation below soft-skinned elevation. 

me pa region, cesophagus, and hypopharyngeal bracon of larva, 
corresponding to piece removed from D: hsc, hypopharyngeal sclerite; hbr, hypophar- 
yngeal bracon; fm, mandibular ventral fossa; oes, oesophagus. 

H _—Hypopharyngeal region of larva; same as F but reversed: hsc, base from which 
hypopharyngeal sclerite originates; hbr, hypopharyngeal bracon; fm, mandibular 
ventral fossa; oes, oesophagus. 

I.—Second and third mouth parts of larva from ventral side: gu, gula; ip, tentorial 

it; sm, submentum; me, mentum; stla, stipes labii; li, ligula; hyp, hypostoma; fm, 
ossa for mandible; hbr, hypopharyngeal bracon; fe, fossa for cardo; ar, maxillary 
snticuletinn atea; ca, cardo; sti, stipes maxillaris; bs, base of stipes; is, and is,, inner 
margin of stipes; ma, mala maxillaris (probably lacinia); pag, basal membrane of max- 
illary palpus; epc, epicranium. 
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PLATE 2 
Eleodes suturalis 


A.—Pygidium of larva, side view: IX, IX, ninth abdominal (“ pygidial’’) segment, 
dorsal and ventral parts; X, tenth abdominal (“‘anal’’) segment, showing upper and 


lower . 
B.—First thoracic spiracle of larva. 
C.—Left mesothoracic leg of larva showing posterior face: cox, coxa; tr, trochanter; 
fe, femur; ti, tibia; ta, tarsus, claw-shaped. 
D.—Left prothoracic leg of larva, showing anterior face: cox, coxa; tr, trochanter; 
fe, femur; t, tibia; ia, tarsus. 
E.—Ventral view of part of head, of thoracic segments, and of anterior portion of 
first abdominal segment of larva: epc, epicranium; gu, gula; y, presternum; peu, 
eusternal subdivision of eusternum; eu, eusternum; sil, sternellum; z, ernel- 
um; ar, articulating membrane of leg; h,, prehypopleurum; h,, posthypopleurum; e,, 
preepipleurum; e,, postepipleurum; #e, thoracic tergite; ster, sternal shield of abdom- 
inal segments; hp, abdominal hypopleurum; ep, abdominal epipleurum; ter, abdom- 
inal tergite. 
F.—Left prothoracic leg of larva showing posterior face: cox, coxa; tr, trochanter; 
fe, femur; i, tibia; ta, tarsus. 
G.—Pygidium of larva, dorsal view. 
H.—Pygidium of larva, ventral view: 1X, ninth abdominal (‘‘ pygidial’’) segment, 
ventral part; X, tenth abdominal (‘‘anal’’) segment, showing upper and lower lips; 
anus, anus. 

















THE EGGPLANT LEAF-MINER, PHTHORIMAEA GLOCH- 
INELLA ZELLER’ 


By Tuomas H. Jongs 


Collaborator, Truck-Crop Insect Investigations, Bureau of Entomology, United States 
Department of Agriculture 


INTRODUCTION 


Although one finds many references to Phthorimaea operculella? Zeller, 
a member of the microlepidopterous family Gelechiidae, in publications 
relating to economic entomology, the congeneric glochinella Zell. has 
received little attention. This no doubt is due to the relative economic 
importance of the two species, for whereas operculella is recognized as an 
important enemy of potato and tobacco in many parts of the world, 
being known as the potato tuber moth and the tobacco splitworm, the 
larva of glochinella seems to have been recorded in literature as feeding 
only on the leaves of a weed, Solanum carolinense. It should be men- 
tioned, however, that this species was reared years ago from tomato 
leaves received from C. F. Stahl, Spreckels, Calif., and more recently 
from tomato leaves from Brawley, Calif., and from Los Mochis, Sinaloa, 
Mexico, by Dr. A. W. Morrill. 

The writer has found Phthorimaea glochinella to be a common, though 
not serious, enemy of eggplant in Louisiana. Since no extended account 
of its life history or habits has been published, and since operculella also 
feeds on eggplant (5, p. 14; 6, p. 3) * and Solanum carolinense (6, p. 3), 
it is quite possible that glochinella, especially in the larval stage, has at 
times been mistaken for operculella. 


HISTORY AND DISTRIBUTION 


Phthorimaea glochinella was described by Zeller (9, p. 263-264, Pl. 3, 
fig. 18) in 1873 from specimens collected in Texas, being placed in the 
genus Gelechia. In the same year, Chambers (3, v. 5, p. 176), under the 
name of Gelechia solaniella, gave a short description of a larva and the 
mines made by it in the leaves of Solanum carolinense. In 1881 Miss 
Murtfeldt (7, ». 244-245) described Gelechia cinerella from Missouri. 
Later (8, p. 139) finding cinerella preoccupied, she renamed it incon- 
spicuella. In 1902 Busck (z, p. 502) placed solaniella, cinerella, and in- 
conspicuella under glochinella as synonyms; and in 1903 (2, p. 822) he 
published a full synonymy of this species with bibliography and notes. 

Carl Heinrich and August Busck have kindly furnished the following 
list of localities from specimens in the United States National Museum: 
Covington, Ky. (Aug. Busck); Kirkwood, Mo. (M. E. Murtfeldt); Clare- 
mont, Calif. (C. F. Baker); Brawley, Calif. (A. W. Morrill); Brownsville, 
Tex. (H. S. Barber); Boulder, Colo. (T. D. A. Cockerell); Wicomico 
Church, Va. (P. L. Boone); Norfolk, Va. (C. H. Popenoe) ; Baton Rouge, 
La. (T. H. Jones); Sinaloa, Mexico (A. W. Morrill). 





1 Accepted for publication Nov. 1, 1923. 
2 Order Lepidoptera, family Gelechiidae. 
* Reference is made by number (italic) to ‘‘ Literature cited,”’ p. 570. 
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ADULT 


The following translation of Zeller’s (9, p. 263-264, Pl. 3, fig. 18) 
original description has kindly been made by Dr. Adam Béving, of the 
Bureau of Entomology, United States Department of Agriculture. It 
will be noted that the last sentence refers for the most part to the male 
genitalia: 

Head and palpi pure white; terminal joint with two black spots; antenne with 
white and fuscous annulations; fore-wings ochreous gray, spotted with ashy gray. 
Male with anal abdominal segments armed with two lateral clavate projections. 

It agrees with operculella in color of the body parts, only on the head and thorax 
somewhat more gray. Antenne distinctly light and dark annulated. Fore-wing 
ochreous-yellowish gray, dusted over all with gray, so that only ill-defined spots can 
be seen, among which none of the ordinary discal spots or fascie stand out. The gray 
cilia are darker dusted at the base than in operculella. Hind-wing a trifle broader 
than fore-wing, pointed; below apex a slightly incurved posterior margin. Abdomen 
brownish gray; ventral surface very light, dull yellow; anal segment of the female 
yellowish, longitudinally conical with projecting ovipositor; in the male it is hardly 
as long as the two preceding segments together, the wider side dull ocher-yellow 
haired, forming a half-cylinder on the middle of which above is situated longitudinally 
a thin, pointed, gray, apically light-yellow cone (“kegel’’) (instead of the upper cover 
of operculella); on each side projects over it a thin stylus bent like an S, the yellowish 
end of which is thickened and then pointed and curved like a hook sideways and 
inwardly. 

Habitat: Texas (Belfrage). One good obvious pair; male taken September 18; 
female July 16; in my collection. 


The moth is shown in Plate 1, A. 

Graf (5, p. 12), in treating of Phthorimaea operculella as a potato pest, 
states that it has a wing expanse of 12 to 16 millimeters. Adults of 
Ph. glochinella that have been seen by the writer had a wing expanse 
of only 10 to 12 millimeters. They were, however, reared specimens 
and because of this, and the fact that Morgan and Crumb (6, p. 2) found 
moths of operculella reared from potato to be larger than those reared 
from tobacco, it is possible that there is not so great a difference in the 
size of the two species as these figures would indicate. 


EGG 


The recently laid egg is flaccid, dull, translucent white. In shape it approaches 
that of a cylinder with rounded ends. Under the microscope the surface is seen 
to be delicately reticulated. 

Ten eggs gave an average length of 0.343 millimeter, ranging from 0.304 to 0.367 
millimeter, and an average width of 0.193 millimeter, ranging from 0.160 to 0.208 


millimeter. 
LARVA 


The larva (Pl. 1, B) is somewhat semicylindrical in shape, the dorsal surface being 
convex and the ventral surface flattened. The body gradually tapers from the first 
abdominal segments to the posterior end and is plainly constricted at the junctures 
of the segments. The head is flattened dorso-ventrally and in living specimens is 
often in part telescoped within the thorax. The surface of the thoracic and abdominal 
segments is dull in appearance, due to the minute, close-set granules with which it is 
covered. ‘There are five pairs of prolegs. ; 

The newly emerged larva is translucent white except for the head and thoracic 
shield, which in all stages are of a brownish color. Later the larva becomes of a brown- 
ish or greenish white, at which time the small dark tubercles, armed with the color- 
less setze, are most apparent. Larva in later stages of development take on a beautiful 
dark blue or dark green color. 

The thoracic legs are light in color. Graf (5, p. 10) has stated that the thoracic legs 
of Phthorimaea operculella are black and in alcoholic specimens (in which the body 
color is lost) of the two species that the writer has seen this difference is very apparent. 

Full-grown larve measured about 8 millimeters in length. Graf (5, p. 10) states 
that the larve of Phthorimaea operculella measure from 9.5 to 11.5 millimeters 
— full grown, while Morgan and Crumb (6, p. 4) give their length as from 7 to 14 
millimeters. 
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PUPA 


The pupa (Pl. 1, C) is spindle-shaped, being widest across the thorax. The head is 
rounded and the abdomen tapers to the terior extremity. The surface shows 
numerous minute punctures and small wrinkles. On the head and thorax the punc- 
tures are for the most part in impressed lines, while on the abdomen they are more 
evenly distributed. On the dorsal surface of the anal segment there is a short, stout 
elevation that ends in a hook. This segment also bears about 14 spines, with hooked 
ends, arranged in a circle. Small hairs also occur at intervals over the surface of the 
head and abdomen. 

Pupe have been seen, apparently just formed, that were of a deep blue color. More 
mature specimens are dark brown. 

Pupe vary considerably in size, ranging from 3.43 millimeters in length and 1.05 
millimeters in width to 5.19 millimeters in length and 1.76 millimeters in width. 


HABITS 


Moths confined with growing eggplants and provided with sweetened 
water deposited eggs singly on both surfaces of the leaves. They were 
not firmly attached to the leaf surface. 

Chambers (3, v. 5, p. 176) and Murtfeldt (7, ». 244), besides giving 
a short description of the larva, have also given brief attention to 
its mining habits. So far as observed, the mines in eggplant (Pl. 1, D) 
and Solanum carolinense are always along the edge of the leaf. A number 
of larva sometimes work in a single leaf and at least two have been 
found using what were apparently parts of the same mine. The mined 
portion of the leaf has the appearance of a dry, oftentimes puffy, blotch, 
the older mined area being dead and brown. The leaf becomes dis- 
torted about the mine and sometimes curls over it, but no silk is ap- 
parent on the leaf surface. The larva removes the parenchyma and 
constructs a firm silken tube, in which it is often found, within the mined 
area. 

In its larval habits Phthorimaea glochinella apparently differs from Ph. 
operculella in that it feeds entirely within the leaf, not leaving the mine 
to roll the leaf or feed on other portions of the plant. The fact that the 
mines seem invariably to be made along the edge of the leaf is also a 
habit not shown by operculella, and Morgan and Crumb (6, p. 4) state 
that the larva of operculella shows no tendency to form a firm, cylindrical, 
silk-lined tube. 

When full grown the larva constructs a loose, silken cocoon in which 
to pupate. In rearing cages these have been found just below the surface 
of the soil and among remnants of dead leaves on the soil surface. Obser- 
vations made in the field indicate that this is the habit under natural 
conditions. 

The period of incubation of eggs kept in a well-ventilated insectary at 
Baton Rouge during June was about 7 days. On June 21 larve that 
had just issued were placed on eggplant leaves in the insectary and from 
these moths began to issue on July 15, giving a period of 24 days for the 
combined larval and pupal stages. As larve have been taken from 
leaves in the field from early May to the middle of November, there 
may be several broods during a year. The winter months are apparently 
passed in the pupa stage. 


NATURAL ENEMIES 


In writing of Phthorimaea operculella, Graf (5, p. 32) states that when 
this species works as a leaf-miner its numerous parasitic enemies do 
much to keep it in check. Parasites apparently play an important part 
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in the control of Ph. glochinella in Louisiana. The following species of 
Hymenoptera‘ have been reared from glochinella larve: 


Chelonus phthorimaeae Gahan. Sympiesomorphelleus bicoloriceps Gir. 
Orgilus mellipes Say. Bassus sp. 
Bassus gibbosus Say. A panteles sp. 


Their numbers vary considerably during the months when Phthorie 
maea glochinella larvee occur in the field, though they are usually more 
abundant during the fall. The first three species named have issued in’ 
greatest numbers. 


It has not been ascertained whether these species of Hymenoptera 
are primary parasites, although Graf (5, p. 33, 42) records Bassus gibe 
bosus and a species of Apanteles as being parasitic on Phthorimaea 
operculella. He also (5, p. 40) lists Chelonus shoshoneanorum Vier. as a 
parasite. More recently Gahan (4, p. 199) has stated that the species 
Graf figured under this name was Chelonus phihorimaeae. 

In addition to the reared species mentioned above, a solitary wasp, 
Ancistrocerus fulvipes Saussure, of the family Eumenidae® has been 
observed by C. E. Smith to remove larve from their mines in the leaves 
of eggplant. The wasp inserted her ovipositor into the mined area, 
forcing the larva to move about in the mine. When it reached a point 
where there was an opening in the leaf surface, the wasp grasped the 
larva with her jaws and removed it. 
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PLATE 1 
Phthorimaea glochinella 


A.—Adult male, enlarged approximately eight times. 
B.—Larva; dorsal view at left, lateral view at right. 


Enlarged about eight times. 
C.—Pupa at left, enlarged about ten times. 
D.—Work on leaves of eggplant. 
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